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Here's a steel that offers remarkable advantages It will pay you to investigate Type "8655" Nicki ; 
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€ Over the years, International Nickel has accumulated a fund of use Z 


information on the selection, fabrication, treatment and performance 
engineering alloy steels, stainless steels, cast irons, brasses, bronzes 4 
other alloys containing Nickel. This information and data are yours fa 
the asking. Write for “List A” of available publications. 
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Hardening a gear in one 
of the De Laval Separa- 
tor Company plants. Se- 
lection and processing of 
steels to be heat-treated by 
induction heating are dis- 
cussed in the article on page 
110. Kodachrome courtesy 
De Laval Separator Com- 


pany 
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Induction Hardening 


lo utilize the relatively new method of induction hardening 
ot metal parts to best advantage, basic requirements should be 
understood. On page 110, Russell H. Lauderdale, Northern 
Ordnance, Inc., lists key factors for obtaining best results from 
including requirements, 
and shape of parts, carbon content 


induction desirable 
initial 


of Stee ] 


hardening, 
microstructure, 
and initial stress conditions of the part 


power 
size 


Speed Control of Motors 


lhe design engineer must know the complete set-of operating 
conditions of the machine he is designing, over the entire range 
he would like to obtain. This involves choosing a motor with 
operating characteristics that match those of the machine. On 
page 130, W. M. Yogerst, Bodine Electric Company, discusses 
performance and application factors of six different methods for 

mtroliinyg 


speed at 


iractional horsepower motors 


Lead Base Babbitt Alloys 


Mechanical and corrosion properties of ten typical lead base 
those of a standard tin base 
alloy by Henry P metallurgist of the Frankford 
\rsenal, on page 118. Mr. George gives values of hardness, 
compressive strength, resistance to distortion under impact, creep 
acidified oil. 


babbitt alloys are compared to 


George, 


resistance and corrosion rates in Typical micro- 


structures are show! 


Anodizing of Magnesium Alloys 


One of the major difficulties in using the inherent design 
possibilities of magnesium has been the inability to protect it 
satisfactorily from corrosion. Use of paint required so many 
coats that much of the weight saved by using magnesium was 
lost. On page 122, George Black discusses a successful method 


of anodizing magnesium alloys developed at the Fort Worth 
Division of Consolidated Vultee Aircraft. This electrolytic 
process forms a protective and decorative magnesium-oxide-sili 
cate film. Effect of the film on corrosion, mechanical proper- 
ties and dielectric strength is discussed 


Fluid Motion in Pipe Lines 


[o fill the need for a precise summary of existing equations 
dealing with the flow of fluids and gases in pipe lines, Arthur 
H. Korn, chief engineer, Air Borne Conveyors Corporation, see 
page 85, presents the fundamental flow equations in a logical 
sequence, The author also derives a basic equation for flow 
through pipe lines without using any of the thermodynamic terms 
generally associated with this subject. 


Brilliance With Acrylic Resins 


When shaped for maximum light reflection, acrylic resins 
offer a new medium for commercial design. On page 147, 
Henry F. Pearson, former head of the Rohm and Haas Product 
Application Laboratory, describes methods of using the basic 
laws of light to produce brilliance in acrylic plastic objects. In 
a later issue Mr. Pearson will discuss "piping" light with this 
materal 


Role of Industrial Designers 


The growing acceptance of industrial designers by industry 
is evidence that they add sound values to the final product. On 
page 81, Walter Dorwin their 
resources and contributions 


Teague discusses methods, 


Stainless Steels for Springs—! 


Engineers, designers, and others who specify spring mate 
rials will find the article by Harold C. R. Carlson, chief engi- 
neer of the Charles Fischer Spring Company, of great value 
On page 103, Mr. Carlson, in the first of a two part article, 
brings up to date existing data and results of new findings on 
various types of stainless steel, and arranges the 
tor convenient reference. 


information 


Clutch and Brake Bands 


Brake designers will be interested in the discussion of forces 
and stresses in clutch and brake bands by A. C. Rasmussen, 
consulting engineer, on page 152. Mr. Rasmussen derives new 
formulas which represent an advance in flexible-band brake 
analysis and design. 


Determining Lug Shear-Out Distance 


Designers of lugs and tie-rod terminals welcome any method 
that saves time and effort. Such a device is the graph for deter- 
mining lug shear-out distance, by Wayne A. McGowan, Aero- 
nautical Engineer, North American Aviation, on page 157. 


JUNE HIGHLIGHTS 


Magnesium Copper Sulphide Rectifiers, by R. O. Whitesell, 
Engineer-in-Charge, Rectifier Div., P. R. Mallory & Com- 
pany. Properties and characteristics of a type of metallic 
rectifier that is especially useful for high temperature applica- 
tions and for low voltage high current requirements. 
Small-Lot Metal Stampings, by M. J. Mikulak, Dayton 
Rogers Mfg. Co. Shows how stamping in small quantities 
can be designed for manufacture at reasonable cost. 


Malleable Iron Castings, by James H. Lansing, consulting 
engineer, Malleable Founders’ Society. 
ties of malleable iron 
malleable iron parts. 


Covers the proper- 


and the fundamentals in designing 


Bellows-Type Heat Exchanger, by E. H. Ziebold, Cook 
Electric Company. Demonstrates methods of combining 
heat exchangers in parallel and in series to get desired 
capacities and efficiency of operation. 
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Even Mistakes Can Be Profitable 


ERRORS in engineering design are often costly. Usually the resulting failure is thoroughly 
investigated, the causes determined, and the “blame” placed accordingly. Because the shape and 
dimensions of the piece, the material to be used and the character of the construction and assem- 
bly were fixed or specified by the engineering department, usually some one, or a group, in that 
department is held responsible for the failure. Top executives too often do not give much 
thought beyond the fact that a mistake has been made and the responsibility for it must be 
fixed. 

There are many kinds of mistakes and, regardless of their consequences, some are blame- 
worthy while many are unavoidable. A definite failure may occur because of a lack of technical 
data and facts, or because of factors that could be revealed only during the manufacture or use 
of the product. 

The major factors in the breakage of welded merchant vessels were the low impact strength 
of the steel at low temperatures and the effects created by the rigidity of the design. Up to the 
time of these failures, the effects of low temperature on the impact strength of carbon steels was 
not generally understood. Nor did designers recognize all the possible influences of the rela- 
tively more rigid welded-construction as compared to riveted-construction. Self induced vibra- 
tions in aircraft caused quite'a number of fatal accidents until the causes and cures thereof were 
determined. It was not until the effects of prestressing were analyzed and published that designers 
were able to avoid certain types of fatigue failures. 

The urgency to get a new product into production quickly, sometimes impels the engi- 
neering department to resort to time-saving short cuts, skimp on testing, and omit making models 
or mock-ups. Working under high pressure, a "small" mistake might result in a design failure. 
Should the man who made the error be humiliated by loud spoken reprimand? Should he be 
fired? Or should top management take it as a lesson that haste makes waste and invites mistakes? 

We learn through mistakes, but only when the mistake is unemotionally analyzed to deter- 
mine its causes and how to avoid its repetition. A complete analysis will often reveal hitherto 
unknown facts and relationships. If, however, a spirit of condemnation and recrimination pre- 
vails, nothing is gained technically and much irreparable damage is done to the morale of not 
only the man responsible for the mistake but also all others in the engineering department. 

The boss who defends the honest and reasonable mistakes of his men has their wholesome 
respect and loyalty. The company that recognizes the limitations imposed by lack of knowl- 
edge, by the laws of probability and chance, and the fallability of the human mind, has an engi- 
neering organization that is not stagnated by the fear of failure but is progressively reaching 


forward to maintain the company’s position of leadership in its field. 
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IN Udylite AUTOMATIC PLATING MACHINE 
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EC 
This Udylite machine does a complete un 
plating job automatically . . . taking 
each part through seven tanks and a 
drying chamber . . . timing exactly the 
interval in the various solutions for 
cleaning, plating and rinsing. 


Each part (or rack of parts) is auto- 
matically lowered into each of the seven 
tanks in turn —then lifted out and trans- 
ferred to the next tank. This might be 
done with a multiple dip conveyor. But 
the conveyor slants permissible in 
lowering and raising in that way re- 


quire extra tank length. 


Udylite made the machine far more 
compact—saving 18" to 24" in the 
length of each tank—by using Vickers 
Hydraulic Equipment to raise and lower 
the entire conveyor assembly at each 
transfer. By this means, each piece (or 
rack) is lifted straight out of the tank, 
moved over the next tank and lowered 
straight down. This provides better 
cleaning and more uniform petag— Vals Es 
better drainage and less contamination Power Uait, 
of the solutions. t: 2 





The Vickers Hydraulic Power Unit ond Control Valves have type of application, as on many other industrial installations, 


many advantages for such applications: (1) proven depend- ^ have made possible increased production, improved product 
ability, (2) accurate control and precise timing, (3) flexibility of quality, greater safety, and lessened physical demands upon 


control to suit varied production requirements, etc. labor while increasing its productivity. Vickers Application 


The versatile features of Vickers Hydraulic Equipment on this Engineers will gladly discuss your individual control problems. 


VICKERS Incorporated 


Subsidiary of the Sperry Corporation 
1454 OCAKMAN BLVD. e DETROIT 32, MICHIGAN 
Application Engineering Offices: ATLANTA + CHICAGO «+ CINCINNATI 
CLEVELAND * DETROIT * LOS ANGELES * NEWARK * PHILADELPHIA 
ROCHESTER * ROCKFORD * SEATTLE * TULSA + WORCESTER 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC 

















How the Industrial Designer 





Works With the Engineer 


WALTER DORWIN TEAGUE 


A Founder and Former President of the Society of Industrial Designers 


What the industrial designer contributes to the final product, the ways in 


which he serves the client, how he works with the engineering department 


are discussed. His field, technical resources and contributions are evaluated. 


THE profession of Industrial Design 
had its inception when manufacturers 
began to realize that the appearance 
of their products is a major influence 
on sales, and that right appearance 
isn't always achieved automatically in 
the course of product engineering: it 
calls for the exercise of special talents 
and special training. 

Burdened with the demands of an 
enormous technology, it can scarcely 
be expected that engineers should also 
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master the difficult art of aesthetic 
design—the art of evoking rightness 
of form. Even though many engineers 
possess native ability along this line, 
their first responsibility is to develop 
a product that is functionally correct, 
efficient in performance, of high qual- 
ity and economical to manufacture. 


Frequently these pressures subordi- 
nate the problem of outstanding 
appearance and consumer appeal. 


Through the vears it became increas- 


ingly evident that someone should be 
responsible for giving the final prod- 
uct a beauty of line and form that 
would reveal the qualities built into 
it, inspire a desire to own it and 
maintain the consumer's satisfaction 
in its use. Thus it came about in the 
middle that the 
designer entered the picture. 

Quite naturally, when the business 
possibilities in this kind of work be- 
came apparent, there was a rush of 


twenties industrial 
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variously qualified men to offer their 
services to American industry as in 
Unfortunately a 
great number of these individuals have 
failed to realize that rightness of form 


dustrial designers. 


isn't a matter of surface treatment: it 
must be an accurate interpretation of 
the essential nature of the product, 
and actually enhance its value. The 
responsibilities of the qualified indus 
trial designer go far bevond the task 
of making a product attractive at first 
glance. ‘Those who sensed this from 
the start are the ones who stay in 
business, and their high acceptance by 
industry today is evidence of the 


value of their work. 


Function of the Designer 


Many still honestly doubt that an 
outsider can come cold to the problem 
of basic product design and make 
a substantial contribution over and 
above what the engineers specializing 
in that problem are capable of doing. 
While this may be true for a few 
highly technical devices, a competent 
industrial designer can help to im 
prove most consumer products and 
many industrial products. 

\ proper conception of appearance 
design requires that the essential parts 
of a product be given the best pos- 
sible form, line and finish, and then 
be organized into a simple and uni 
fied whole. In fact, the best synonym 
of “design” is “organization.” Obvi- 
ously this type of design can never be 


S 


iccessfully divorced from engineer- 
ing, and in some cases they are iden- 
tical. ‘This is true wherever form is 
completely controlled by functional 
necessity, as in airplanes, the hulls of 
ships, machine parts. [n these fields 
there is no room tor the Industrial 
Designer because, if the engineer has 
done his work correctly his forms will 
be pertect without inybody’s help. 
‘The more recent suspension bridges, 
where every detail has been con- 
trolled by engineering necessities, have 
become symposiums of mathematical 
laws expressed in steel and concrete. 
The eye senses the rightness in the 
proportion and position of each cable 
and support. ‘Lhe lines are beautiful 
because they are functionally cor- 
rect. How could they be improved ? 
But not all products are in this class. 
there are 


Unfortunately many 


fields where the range of possible 


&? 


variation compatible with functional 
efficiency is wide. For example, a 
high-speed transport plane must be 
shaped in exact conformance with 
aerodynamic laws—but practically 
anything will run on the ground on 
four wheels. Consequently airplanes 
have advanced rapidly towards in- 
comparable beauty, while automobiles 
have inched their way out of their 
awkward age at a snail's pace. 

The shapes of a worm gear are cal- 
culated to a thousandth of an inch, 
but the machine of which it is a part 
may be put together in any one of a 
hundred different ways. The hull of 
a speed boat is fashioned with the 
utmost delicacy, but its interior fit- 
tings may vary from nothing to the 
ultimate in beauty or bad taste. It is 
in sorting out these variables and 
choosing the right one that the de- 
signer earns his keep. Here the de- 
signer who specializes only in design 
has his field of service. 


What the Designer Contributes 


In these fields where good design 
must be consciously achieved, it is, 
like most products of this machine 
age, a result of group activity. Al 
though it is not of tangible value that 
can be measured in dollars and cents, 
perhaps one of the most significant 
contributions made by the industrial 
designer is the integration of the 
client’s engineering, sales and manage 
ment viewpoints. And often there is 


need for this consolidation. Fre- 
quently members of the engineering 
design section are engrossed com 
pletely in the solution of technical 
problems. Sometimes the sales de 
partment is unduly impressed by the 
glitter of chromium on the competi 
tor’s product, while management, su 
cumbing to the human failure to honor 
a prophet in his own country, ma\ 
overlook or discount excellent sugges- 
tions from members of its own staff. 
The properly qualified and experi 
enced industrial designer, coming to 
the overall problem as an outsider, fre 
quently can bring together the most 
worthwhile ideas within the client’s 
own organization. He then adds his 
own fresh, detached and market-wise 
point of view. It is his duty to see to 
it that in the end the product is not a 
haphazard assemblage of unrelated 
parts, but a coherent, well-organized 
unity bespeaking efficiency and quality, 
one that will inspire a desire to possess. 

Over a period of years an indus 
trial designer and his staff gain ex- 
perience in an unusually wide variety 
of industries. Simultaneously, o: 
within a short period, he may work 
on airplanes, automobiles, radios, lip 
sticks, 


business machines, cameras, machin 


home-freezers, kitchenware, 
tools, and other diverse products. This 
may seem like an impractical spread, 
but the clients who make all these 
products have at least two basic things 
in common: (1) They are all mass 
producers, by modern machine meth 
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Heald internal grinder before redesign. Over a period of years this machine 
had been improved by additional features and therefore required redesign. 
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ods. (2) They must all please a na 
tionwide public, 

In these many diverse activities the 
designer and the members of his staff 
obtain a broad knowledge of modern 
manufacturing techniques and current 
market trends. ‘The the de- 
signer’s activities, the more his knowl- 
edge and experience pile up. He brings 
this store with him into each client’s 


wider 


plant and it serves as a foundation for 
his study of that client’s particular 
problem. ‘Thus it quite often happens 
that one important service of the in 

dustrial designer lies in the new view 

points he brings to the men in the 
client's engineering department. 

This background can be valuable 
in surprising ways, sometimes quite 
the strictly aesthetic field. 
Thus one designer brought to the at 


outside 


tention of a bus manufacturer the use 
of vision diagrams by which the range 
of vision of the bus driver can be de 
termined and portrayed on the draw- 
ing board. Another introduced some 
machine tool engineers to the tech- 
nique employed by the aircraft indus- 
try for determining optimum location 
of control knobs and levers. A study 
of air flow made in the course of work 
on automobiles and railway equip 
ment proved immensely helpful in de- 
veloping a proper aerodvnamic design 
each of 
these examples the designer's advan- 


for a vacuum cleaner. In 
tage was that he had experience in a 
held that 
little occasion to 


the client’s engineers had 


And he 


consider. 
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Detail of internal grinder as redesigned. Note grouping of controls for 
greater convenience, safety, and simplicity of operation for the worker. 


was able to place this fresh experience 
at their service. 

This kind of direct technical con 
the f 
product is only one phase of a de- 
signer’s service. The de- 
signer is peculiarly well equipped to 
submit a market-wise point of view, 


tribution to construction of a 


industrial 


from the same angle as that of pro- 
spective buyers. He has a familiarity 
with buyer preferences in many lines. 
He has experience in the practices and 
methods of many other 
With this background he may be able 
to make highly valuable suggestions 


industries. 


that will result in the incorporation 
of sales features which might other- 
wise have been overlooked. 

Finally, and perhaps above all, the 
designer brings to the problem a 
trained sense of form, line and color, 
and experience gained in applying 
these senses to a wide range of prac- 
tical problems. He applies his native 
gifts and his accumulated experience 
to finding the form which is a satisfy- 
ing revelation of the product’s func- 
form is the 
major equipment which the designer 
brings to his collaboration with the 
client’s staff. 


° n . à 
tion. This mastery of 


How the Designer Works 
With the Client 


The industrial designer must be a 
partner of the engineer, but there 
can be little cooperation between them 
if the engineering department feels 











































































that the designer has been forced 
upon it. However, such an attitude is 
never created when the service of the 
designer is introduced by proper pro- 
cedure. Regardless of the angle of 
approach, a contract with an indus- 
trial designer should not be made 
without consultation with the top en- 
including the 
When the industrial 


gineering executives, 
chief engineer. 
designer is commissioned in this man 
ner, with the approval of all inter- 
ested parties, he is almost automatic- 
ally assured of a friendly reception 
from the chief engineer and his assist- 
ants. If his own attitude is friendly 
and discreet, he will be accepted as a 
participant in the development pro- 
gram and obtain the enthusiastic co- 
operation of the technical staff. 

When the designer is called in, the 
executive officers inform him of cer- 
tain that the 
wishes to obtain. After a work pro- 
gram is agreed upon the designer 
nieets the members of the client's sales, 
advertising and engineering staff who 
are assigned to work with him. With 
their help he makes a thorough study 
of the product or line. This study 
covers its function, fabrication, mar- 
keting and use. 

With the engineering staff he 
studies production methods in use, 
the production facilities and limita- 
tions, materials and costs, as he keeps 
an eye on' possible alternatives. With 
the sales and executive staff he studies 
the market, the competition, and the 
users. Sometimes he may make his 
own field study. Based on this study 
program and with the help of the 
management, a set of design objectives 
are drawn up and approved for the 


, 


designer's concrete guidance. 


objectives company 


Actual design progresses through 
sketches, schematic drawings, render- 
ings and models. It is important that 
at every stage the client’s engineers 
be consulted to insure that no time is 
wasted on impractical ideas, that the 
manufacturing processes called for are 
those that are or will be available, 
that costs are in line and that func- 
tional efficiency is maintained. 

In the end no one quite knows who 
has contributed what, but if the co- 
operation is wholehearted the result 
should satisfy everybody—including 
the often-neglected consumer. 

An essential factor in any collabora- 
tive effect is mutual confidence. The 
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eft) Original of inclosed spring valve with packed lifting lever. (Right) 


L 
a spring valve as redesigned, with simplified and modernized forms. 


designer, to be efficient, must be taken 
into the family and intrusted with 
much inside information. As a mat- 
ter of established practice, members of 
the designer’s staff are required to 
sign agreements which assign to the 
designer all patentable ideas both in 
the design and mechanical field. The 
designer in turn agrees to assign to 
the client all patentable ideas de- 
veloped by his organization in the 
course of the client’s work. 

The designer’s ethics are those of 
a doctor or a lawyer, guarding the 
secrets of those he serves. Because the 
designer serves many clients, it is 
absolutely essential that he establish 
a reputation for discretion. Nothing 


will destroy a client's confidence 
quicker than to reveal to him the 
trade secrets of another client. ‘To 


foreswear even the possibility of in- 
most responsible design- 
ers refuse to serve competing clients. 
If in later years after completing a 
project for one client, a designer 
should undertake another in the same 
line, he is extremely careful never to 
betray any information gained from 
the previous association. He knows 
that his name would be irretrievably 
damaged if he did. 

What the designer carries from one 
client to another is accumulated ex- 
perience. As a matter of record, the 
turnover in clients in a competent de- 


discretion, 
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signer’s office is not great. Many 
manufacturers have retained the same 
designer continuously for five, ten or 
fifteen years, and others return time 
after time to the same source of design 
counsel as their programs require 
such help. This is not only proof that 
the designer has justified the confi- 
dence of industry, but it is also evi- 
dence that he has delivered the goods 
in a practical way. 


The Designer's Staff 


Although the Industrial Designer’s 
special field is aesthetics—the im- 
provement of products, and therefore 
the increase of their sales appeal 
through better line, form, color and 
relationship of parts—he must deal 
constantly with problems in the me- 
chanical and production engineering 
fields. Therefore most industrial de- 
signers have surrounded themselves 
with a staff of capable engineers who 
speak the language of the client’s tech- 
nical staff, can analyze the technical 
problems involved, and will hold the 
designer’s own work to a line of prac- 
ticality and economy. The caliber of 
those groups is such that a manufac- 
turer frequently asks the designer to 
undertake some or all of the engineer- 
ing of a product. ‘This is done to 
relieve an overburdened engineering 
department, or to supplement its 


abilities in fields in which it has not 





specialized. The better industrial de- 
signers are equipped to and do handle 
projects ranging from the complete 
development of a product from an 
individual inventor’s sketch to assum- 
ing an assigned portion of the tech- 
nical development program. It might 
appear that the designer is getting out 
of his field, but actually this is only 
an expansion of his service. He is 
simply beginning his task at an earlier 
stage in product development. In 
each instance his work leads to the 
final appearance design, and if it did 
not, he would not be interested in 
undertaking the job. 





Other Services of Designer 


Although product design was the 
Industrial Designer’s original field, 
he has expanded his service in a logical 
progression to take up all physical 
media, excluding advertising, whereby 
the public’s friendly feeling towards 
the client is influenced by what it sees, 
feels and uses. Thus it is a logical 
step for an industrial designer to go 
on from the product to the design of 
its package, then to its shipping con- 
tainer, the trucks in which it is de- 
livered, the displays and retail out- 
lets in which it is presented to the 
public, the company business forms 
and stationery, its offices, show rooms, 
and exhibits. In this way the designer 
can help to create a distinct, unified 
company personality, recognizable 
wherever it appears. Although such 
a function is not of direct interest to 
the engineering department, it may be 
of great significance to the company. 

All these instances illustrate the 
wide range of service which the in- 
dustrial designer today renders to in- 
dustry, but product design is and al- 
ways will be the foundation of the 
industrial designer's professional ac- 
tivity. To increase the sale of his 
products is the manufacturer’s most 
direct road to prosperity, and in ob- 
taining these increased sales the de- 
signer’s direct assistance in shaping 
the product and his collateral services 
are both of value. In product design 
the success of mutual efforts depends 
99 times out of a hundred on the com- 
pleteness of the collaboration between 
the designer and the client's engineer- 
ing staff. Every honest designer is 
keenly aware of this fact and very 
conscious of his obligations to the tech- 
nical staffs who share in the work. 
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Basic Equations for Fluid Motion 
And Pressure Drop in Pipes 


ARTHUR H. KORN 


Chief Engineer, AirBorne Conveyors Corporation 


Precise summary of basic equations for calculating pressure drop of fluids and gases 


flowing in horizontal and inclined pipe lines. To enable engineers to use Prandtl friction 
factor diagrams, a table of pipe roughness is given that has been derived from 
Kemler's compilations. Curves are included for values of the viscosity of water and air 


FLUID FLOW through pipes is possible 
only at a loss in pressure. The pres- 
sure drop results from the true fluid 
friction of one particle of fluid rub- 
bing against other particles of fluid. 
The wall of the pipe conducting the 
fluid is covered by a stationary film 
of fluid that does not affect the flow 
directly. A shearing force is necessary 
to move fluid particles relative to each 
other. 

The law governing fluid friction or 
viscosity was discovered by Newton, 
although he did not state it clearly in 
the form of a differential equation. 
This law states that to move two 
plates, that are parallel to each other 
and separated a distance y by a 
fluid having a coefficient of viscosity 
p, at a relative velocity w, requires 
a shearing force per unit area 7 that 
is directly proportional to the increase 
in the relative velocity of the plates 
per unit distance in the lateral direc- 


tion. This relation is expressed by 

the differential equation. 

E (D 
By using Newton's law, Hagen- 

bach calculated the velocity distribu- 

tion of laminar flow shown in Fig. 1, 

where 





T= 


D = internal pipe diameter, ft. 


u = mean velocity, ft. per sec. 

u = absolute viscosity, lb. sec. per sq. ft. 
p = pressure, lb. per sq. ft. 

s = length of pipe, ft. 


Hagenbach also showed the pressure 
drop of laminar flow in pipes to be 


d ? u 
—— = 32 p (2 
ds -D ; 
This equation was found earlier 


through experiments by Hagen and 


Poiseuille, in the form 


dp UN. 
—— = constant X —— 
D? 


Known as Hagen-Poiseuille's law, it 
makes possible the determination of 


the coefficient of viscosity with great 
accuracy from test data on the flow 
through capillary tubes. 

At high velocities and large pipe 
diameters, the flow ceases to be lam- 
inar and becomes turbulent. The 
velocity distribution in turbulent flow 
is shown in. Fig. 2. The pressure 
drop in turbulent flow increases ap- 
proximately as the square of the 
velocity and is inversely proportional 
to the pipe diameter. 

From measurements of the dis- 
charge of water from a tank through 
a pipe line, early hydraulic engineers 
developed a simple formula. They dis- 
covered that if H is the height in feet 
from center of pipe to the water level 
in a tank and g is the acceleration of 
gravity in ft. per sec. per sec., the 
theoretical discharge velocity u, ft. 
per sec., is given by 

u = V2g Hor H = ut/2g 


The friction head loss H? in the 
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Fig. I—Parabolic velocity distribution of laminar flow. 
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Fig. 2—Velocity distribution of turbulent flow. 
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Fig. 3—Prandtl's curves showing relation between friction factor and 
pipes of different surface roughness at different Reynolds numbers. 


pipe was compensated for by using a 
friction factor f and a coefficient s/D, 
fs ut 

E 


thus H! = Tg D 


The validity of this equation was 
extended to include gases (Huette, 
1867) from the relation, where 


= weight of fluid, lb. per cu. ft. 


?/Y 


By means of this relation, the equa- 
tion for the pressure increase per unit 


y 
In 


length of pipe becomes 


dp vf’ (3) 

ds 2g D ) 
It should be noted that Equation 
3) is a scientifically sound law in 
which f is a true coefficient, that is, 
a dimensionless number. Although a 
few investigators have proposed less 
exacting empirical formulas to fit their 
limited test results, Equation 
(3) is still in use. The friction fac- 
tor f has only been more clearly de- 


own 


fined by recent research. 

In an effort to find the causes ot 
turbulency or the conditions under 
which laminar flow would change to 


turbulent flow, O. Revnolds studied 
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the differential equations of the mo- 
tion of a viscous fluid, known as 
Navier-Stokes equations. Reynolds 
discovered that fluid motion in gen- 
eral is dependent on and is signified 
by a variable comprising a distance, 
a velocity, the density and the viscosity 
of the fluid. This variable is also 
dimensionless and has been named 
Reynold's number. As applied to 
flow in pipes, where 
¢ = vy/g ^ density, lb. sec.2/ft.* 


vy = u/t = kinematic viscosity, ft.?/sec. 
R, = Reynold’s number 


R, = 2D z uD (4) 
"T: y 

'The value given by Equation (4) 
can also be obtained by considering 
the forces acting on an elementary 
particle of the fluid. The value rep- 
resents the ratio of mass forces to 
viscous forces. A third way gives a 
hint as to the significance of the 
value. The change from laminar to 
turbulent flow must obviously occur 
at a point where Equations (2) and 
(3) vield the same result. If Equa- 
tion (3) is divided by (2), thus elim- 
inating dp/ds, Reynold’s number is 


obtained expressed as a function of 
the variable f; meaning that laminar 
flow must change to turbulent flow 
when Reynold’s number reaches a 
certain value. 

Without the use of Reynold’s num- 
ber the accurate determination of the 
friction factor f by tests is an almost 
insuperable task. Not only are flow 
comditions affected by the four inde- 
pendent variables, diameter of pipe, 
mean velocity, viscosity and specific 
gravity, but the great range 
which they extend cannot easily be 
covered by tests. With the discover: 
of Reynold's number the four inde- 
pendent variables were combined to 
a single variable, and the task of de 
termining f became manageable. 


over 


Expressing the resistance as a func 
tion of Reynold’s number, is more 
than a theory of the mechanics o! 
similar flow patterns. Whether tests 
are made with water or with air, it 
has been demonstrated repeatedly 
that identical curves are always ob 
tained when the factor f is plotted o! 
a Reynold's number base. 

When it was first recognized that 
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the resistance at high velocities de- 
pended on the surface conditions of 
the pipe walls, meaningless terms 
such as ‘smooth pipe”, “rusted pipe”, 
“cast iron pipe”, “cancerous pipe”, 
were used to classify pipe of varying 
surface conditions. These terms stood 
in the way of a rational approach to 
the problem. Blasius was the first to 
point out the need of using a Reynold’s 
number with a new parameter & that 
would represent flow conditions at the 
‘The parameter & is a direct 
measure of the surface roughness. But 


walls. 


to establish a relationship between the 
friction factor f, Reynold’s number 
R,, and the relative pipe roughness 
k/r, available data were insufficient. 

Tests with pipes of artificially pro- 
duced roughness, but having an ac- 
known relative 


curatelv surface 


roughness £/r, were carried out in 
Goettingen. ‘The results of these tests 
1939 by -Prandtl 
shown in Fig. 3. It can be seen that 
in the region of laminar flow for Rey 
than 2,300, the 


roughness of the pipe has no influence 


published in are 


nolds number less 
on the friction factor f; all pipes be 
have as though perfectly smooth. The 
velocity distribution of turbulent flow 
is shown in Fig. 2. The greater the 
velocity the more uniform the distri 
bution and the thinner the lamina: 
boundary layer. As long as the wall 


surface projections lie completely 


vithin the laminar portion, the pipe 


3.0 


shows the characteristics of a smooth 
pipe. With increasing Rn, more and 
more projections begin to pierce the 
boundary layer. The roughness makes 
itself felt increasingly until at Reyn- 
old’s number from 80,000 to 900,000 
the friction factor f is completely inde- 
pendent of Reynold’s number and is 
a function of the roughness only, the 
relation being 
l 


f a ep ———— 
7 = TE.74 + 2 logo (r/k)} 


(5) 

A cylindrical element of fluid, of 
radius r and length ds, that is moving 
uniformly in a horizontal direction is 
acted upon by three forces. One end 
is subjected to the force zr?p in the 
direction of the flow ; the opposite end 
is subjected to the force 


ar? (p + dp) 


opposite to the direction of flow; and 
the wall of the element has imposed 
upon it the shearing force 2zrr,ds 
opposite to the direction of flow. ‘Then 


from conditions of equilibrium 


rep—xrP(f 2arr,ds =0 


Eliminating dp and ds by means of 


Equation. (3) 


y fu? 
— ld 
8g = 


By extracting the square root, mul- 


"29, 


C 


(771 De f 
O E e PD Q o 
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= 306 
= 60.0 
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" * 2520 
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tiplying by &/r, and dividing by v 
Equation (6) can be transformed to 


v \ PF 
The square root of ro/£ has the 
dimension of a velocity and has been 


called (Prandtl) the stress 
velocity V, at the wall 


pm xd A 
ELLE (64) 


) 
vr Jé 


shear 
F. = Vr, e 
While 4D /v is the Reynold's num- 
ber as applied to pipes, the expres- 
sion /', £/v 


representing 


is a Reynold's number 
flow conditions at the 
wall. Equation (6.4) can therefore 


also be written 


kl | 
logio ( : -) = logio (Ra Vf) — 

y 

log (77 ) - 0.7525 (8) 


( 100f ) 
are plotted for several r/£ ratios using 
[n this 
form of plot, values of log (100f) 
at high Revnolds numbers branch out 
horizontal 


In Fig. 3 values of log 


values of log R, for a base. 


into a band of straight 
lines. 

In Fig. +, where values of the (f) 
function 


l 


L—o— 2 log < 
y i b 


K 
are plotted as ordinates on the base 
log (F.£k/v), the (f) function is a 
single curve. 

To make use of Figs. 3 and 4 


rr eye 
< W 





Fig. 4—The function (1/y f — 2 log r/k) plotted on the base of log V.K /». 
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Fig. 5—Absolute viscosity of water in the range of 32 to 212 deg. F. 
Fig. 6—Absolute viscosity of air in the range of 0 to 700 deg. F. 
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ds 


Y? ds y sin « 


Fig. 7—Forces acting oà a fluid cylinder in an inclined pipe. 


in practical applications, it is neces- 
sary to know the roughness of a pipe 
of given size, material, process of 
manufacture and kind Of pipe joints. 

Probably the most comprehensive 
compilation of test data on pressure 
drop in pipe lines was published in 
1933 by Kemler in the A.S.M.E. 
Transactions. By comparing these 
data it is possible to assign a rough- 
ness to the various sizes and kinds of 
pipes. Although Kemler compiled a 
great many tests, each test covers only 
a comparatively short range of Reyn- 
olds numbers, also some of the tests 
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lie close to regions in which some 
rough pipes still behave like smooth 
pipes, thus making accurate deter- 
mination of the roughness difficult. 

From a study of the test compiled 
by Kemler, the following values for 
absolute roughness of different kinds 
of pipe have been determined. 


Absolute 
Roughness 
Kind of Pipe k (inch) 
Cold Drawn Pipe 
Brass, copper, lead... 
New steel pipe......... 
New cast iron pipe 


0.0005 to 0.0020 
0.003 to 0.018 
0.007 to 0.042 


Values of the absolute viscosity of 
water and of air at different tempera- 
tures are given in Figs. 5 and 6 re- 
spectively for the determination of 
Reynold's number. 

So far only uniform flow in hor- 
izontal pipes has been discussed. In 
considering the equilibrium of forces 
acting on a fluid cylinder of diameter 
D and length 4s in an inclined pipe 
line forming an angle æ with the 
horizontal, the forces acting parallel 
to the centerline of the fluid cylinder 
in directions as shown in Fig. 7 are 


“4 D? dp = force of differential pressure 


« Dr. ds = shear force 


T ; : 
"n D* ds y sina = axial component of 
weight of fluid 
The sum of these three forces in 
the direction of flow will decelerate 
the fluid cylinder in accordance with 
the law "force equals mass times 
acceleration”, Then since 
T y D? ; . ‘ al 
w—- mass of fluid cylinder 
g 
a dp — TTo D ds — 
ryD'du 
——— —( 
4v dt 
If this equation is divided by 
—7yD?/4; then u, yfu*/8g, and the 
specific volume v, cu. ft. per lb., are 
substituted for ds/dt, to and 1/y re- 
spectively, the equation becomes 


odp+ pM as + sinads + 


E ) 
— du=0 (9) 
s 


m y D sina 


1 ds 


ls 


The rate of flow W in lb. per sec..is 


ryDu mD'u 


- (10) 
1 4v 


W 


or 
4Wo 


"D 


(10.4) 


u 


and 


4 V 
du = "NN do 
Substituting Equations 


(104) in Equation (9) 


and 


(10) 


Sfo W? 
a? g DS 


do=0 (11 


odp + ds + sina ds + 


16 v W2 

m? g DA 
This is the differential equation of 
flow in conduits of circular cross-sec 
tion. 

The friction factor f is a function 
of Reynolds number yuD/pg. For 
a pipe D is constant and according 
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to the law of continuity yu is also 
constant. If the temperature does not 
change appreciably the viscosity gu will 
be constant, so that Reynolds number 
and consequently f remain constant 
during the flow. 

For liquids the specific volume of 
which remains constant during the 
flow the fourth member of Equation 
(11) becomes zero, then by integra- 
tion 
sf W? 


MLE. « riat yta (12) 
s me ygD 


If the pipe is horizontal the last 
member becomes zero, while if the 
pipe is vertical the last member will 
be y. Equation (12) can also be used 
for gases when the pressure drop is 
small as compared with the absolute 
pressures fı and f». 

For gases, where 

T = absolute temperature, deg. F. 

R = gas constant, ft. per deg. F. 
the equation of state is 
RT 


p 


g = 


If the temperature of the flowing 
gas can be considered to be constant 
RT 
- dp 

By using Equations (13) and 
(134) to eliminate v and dv in Equa- 
tion (11) and substituting 

l6W*RT , 

SD: ` 
and 
fRT 


D sina 


then dy = (13.4) 


= m 


and then integrating for p between the 
limits of pı (unit pressure on lower 
face of fluid element,) and ə (unit 
pressure on upper face of fluid ele- 
ment), and integrating s between the 
limits s and O, Equation (11) be- 
comes for upward flow in an inclined 
pipe 


p2 2 
hi 
For downward flow sin a will be 


negative. 
The equation for the flow of gases 


ELLA = g *Í/D (14 


9 
Parem 


in a horizontal pipe cannot very well 
be obtained by substituting sin a 
equals O since the equation would 
thereby become indeterminate. It is 
more conveniently obtained by drop- 
ping the third member of Equation 
(11) and then integrating. The equa- 
tion then obtained is 


p s fe à 
p — p^ — 2c log, —— (15) 
| »: 
or 


p^ — p^ — 4.6052 
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Ductile Titanium New Material for Industry 


DEVELOPMENT of a process by the 
Bureau of Mines designed to increase 
the production of ductile titanium- 
titanium that can be fabricated and 
worked as other common metals— 
offers industry a new potential ma- 
terial in the light-metal construction 
field and for other engineering uses. 
Still considered expensive to produce 
even under the improved method em- 
ployed at the Bureau’s Intermountain 
Experiment Station at Salt Lake City, 
Utah, pure titanium is a light, corro- 
sion-resistant metal that combines the 
properties of stainless steel with those 
of the strong aluminum alloys. The 
metal is about twice as heavy as mag- 
nesium, which is slightly lighter than 
aluminum. 

One of the outstanding properties 
which gives pure titanium an advan- 
tage over certain other metals is its 
relatively high proportional limit. 
Bureau of Mines metallurgists have 
determined that the proportional limit 
of cold-worked titanium is as high as 
75,000 lb. per sq. in., compared with 
the unusually low proportional limit 
of stainless steel, which is reported to 
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be not more than 25,000 lb. even 
when fully cold worked. 

Because titanium thus offers a 
minimum weight where continued 
high stress is concerned, its use has 
been suggested in many parts of air- 
craft design and in a variety of dia- 
phragms that are maintained under 
tension, particularly microphone dia- 
phragms where weight is important. 
A considerable saving in power is pre- 
dicted in the use of the light metal 
in textile machinery for high-speed 
spindles, spools, warp beams, and 
other working parts. 

The fact that titanium can be sur- 
face hardened is important in the con- 
struction of parts subject to frictional 
wear and its lightness and strength, 
coupled with an expansion property 
a little less than that of cast iron, 
make titanium an ideal material for 
automotive pistons. Other metals, 
however, possess better qualities for 
piston heads than titanium because 
of its less favorable heat conductivity. 

Among other experimental uses for 
titanium, not fully tested because of 
the scarcity of the pure metal, for 


spring balances and springs where a 
considerable extension in relatively 
low loads is desired; for marking 
glass; for tool mountings, and in the 
making of pen points and styluses. 

Titanium is best known in the in- 
dustrial world in the form of the 
dioxide, also called titanium white, 
which makes the whitest of all paints 
and can be mixed readily with other 
pigments without decreasing its 
opacity. The opacity of titanium 
dioxide is said to be twice that of 
zinc oxide and three times that of 
white lead. 

Ferroalloys of titanium are used in 
high-speed steels and in chrome steels, 
and other titanium compounds are 
used for welding rod coatings, in 
toilet articles, linoleum, and artificial 
teeth, for dyeing leather and cloth, 
and as electrodes in arc lamps. 

A free copy of the publication, In- 
formation Circular 7381, “Metallic 
Titanium and Its Alloys,” by R. S. 
Dean and B. Silkes, may be obtained 
by writing to the Bureau of Mines, 
Department of the Interior, Wash- 
ington 25, D. C. 
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PRODUCT 
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DESIGNS 


Double Crankshafts Replace Cam Action 


In High Speed Knitting Machine 


THE PROBLEM in warp knitting machines has been to 
increase speed without using unreasonable accelerations and 
simultaneously to overcome needle and yarn breakage. 
Prior to the war Saupe of Saxony was considered to have 
the best warp knitting machine, which cruised at about 
450 courses per min. (cycles of needle action). Speeded 
to 1,000 courses per min. the theoretical needle mechanism 
acceleration was 5,800 ft. per sec. per sec. This was an unrea- 
sonable figure for the mechanism, as well as causing greater 


R 
ara OR A e noant age te 


4 


yarn tension than the bearded needles could stand. Develop- 
ment engineers at FNF, Ltd., England, have produced a 28- 
gage warp knitting machine with a theoretical top speed of 
1,400 courses per min. and a certain cruising speed of 1,000 
courses per min. The needle mechanism acceleration is 
400 ft. per sec. per sec. Two-piece needle design, a double 
crankshaft eccentric motion to actuate the needles and a 
positive self-tensioning yarn let-off mechanism are the 
engineering features that enable this high speed operation. 
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Relative motion: 


F.N.F. tubular 
needle 





Spring-beard 
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Two crankshafts impart motion to the needle bar assembly. 
\t 1,000 courses per min. the primary shait turns at 1,000 
p.m., the secondary crankshaft at 2,000 r.p.m. Conven- 
tonal connecting rods from each crankshaft are joined by 
i Crossmember. 








Primary end of the crossmember has the 
movement shown in the top timing curve when the sec- 


ondary is Stationary. Middle curve shows the movement 
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F.N.F. DOUBLE ECCENTRIC MOTION TO REPLACE CAM ACTION 
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Bearded or latched needles, previously 
standard, have unreasonable breakage 
at the higher speeds. Bearded needles 
must be given a basic movement so un- 
harmonic as to cause serious vibrations 
around 500 to 550 courses per min. 
Latched operate at 
high speeds because of inertia. FNF 
| | developed a tubular two-piece needle 


needles will not 


in which tongue and needle are simul- 
taneously independently driven. Needle 
movement is 0.42 in. against 0.73 in. for 
the bearded needle. Knitting operation 
is performed travel. 
Small movement of needle parts allows 


Lo 


[ less linear 


with 


timing latitude so that crankshafts 

can be employed as prime movers. 

Double crankshaft arrangement is supe- 

rior to the usual cams because of 

greater accuracy of displacement at high 

Latch speeds and lesser inaccuracies from 


needle wear. 


Movement At A With Eccentric No. 2 Stationary 





120 160 200 


Degrees 


240 280 320 360 
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400 
Degrees 


Resultant Movernent At C With Double Eccentric 
No.1 At 1,000 R.P.M. And Eccentric No. 2 At 2,000 R.P. M. 


480 560 640 









0.5 









200 240 
Degrees 





280 320 











at secondary end when the primary is stationary. By pivot- 
ing the pushrod at the right point along the crossmember, 
the pushrod, and in turn the needle bar, are given the 
displacement shown in the bottom chart. Angular accuracy 
of displacement is within 15 seconds. The double harmonic 
motion facilitates balancing so that the machine has the 
rhythm associated with sewing machines. 
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PRODUCT DESIGN 





Knitting Machine 
(continued) < l...Guide eye 


Yarn must be delivered to the knitting 
center at a precise rate regardless of 
beam diameter. Control is through a 


slave thread from a yarn package. | NSW 

This thread is passed around a disk, Main beam 
freely rotary on the control shaft, Rubber 

which is driven through reduction element 

gearing from the main drive. The f: 

slave thread is then led twice around Variable 

the beam and into the knitting center | ; Slave fhreao 


where it joins other threads to be 
knitted. Also on the control shaft is Electrical 
a fixed disk carrying two electrically contact- 
energized segments. One is a beam 
retard and the other a beam-advance 


, i : ly mounted 
element. Yarn disk has an electrical e) member 


contact, spring-loaded against face of 
fixed disk. While disks are revolving 
i 'ese e > ‘ical contac ki a 
at preset speed, the electric al contact l Reduction unit 
rests on a dead spot on the fixed disk. with change gears 
When yarn disk slows because of 


/ 
i 


gradual reduction in beam diameter, 


E. 
or the operator advances machine Driven from 


: i i in shaft ing 
speed and therefore fixed disk speed, — n 
the disks go out of synchronization to shaft) a<+---------Yarn package 


and relative motion takes place between 
fixed disk and yarn disk, so that an 
electrical contact is made through 
beam-advance or retard elements. A 





control circuit then moves a rubber 
element between surfaces of the 
variable cone drive, which is geared to 
the beam. Thus, beam r.p.m. is regu- 
lated so that threads will leave the beam 
periphery at the selected linear velocity. 








Yarn tensioning bars of conventional 
design will not compensate accurately 
at speeds over 700 courses per min. be- 
cause of the mass of the bar, its 
brackets and the frequencies of the 
springs. FNF machine uses a strip 
f Stee/ of steel 3 in. wide and 0.014 in. thick. 
QOMin. «Zin. A dull-chromed, radiused aluminum 
beading is mounted on the strip so 
that threads passing over the beading 
cause the steel member to act as a 
cantilever. Thus, mass is kept to a 
minimum and tension control is ade 
quate for even higher speeds than con 
templated here. 


yarn threads. 






“Aluminum 
beading 


F.N.F. solution for the yarn tension problem 
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Tribo-electrification Principle 


Applied to Sort Metals 


AN AGE-OLD electrostatic phenomenon is applied in 
this instrument for sorting metals. Tribo-electrification 
takes place when two dissimilar substances are caused 
to rub together. When chemically identical substances 
are subjected to frictional contact, no electrification 
occurs. This effect is employed for metal sorting by 
reciprocating a standard reference specimen against the 
surface of the unknown piece and registering the 
potential developed, if any. If no potential is developed 
the indication is that that two pieces are metallurgically 
identical. If a potential is registered during reciproca- 
tion, the nature of the dissimilarity is indicated by the 
polarity and magnitude of the potential developed. 
Preliminary tests with metals on hand must be made 
to establish reference figures. The Metalsorter is a 
product of the Control Equipment Company, Pittsburgh. 


Tribo - Electric 
0 9Q0Ni-10Cr 


200 


400 


600 + Fe (pure) 
SAE 1010 


SAE 4330 
800 Type 420 

HiSp 6-6-2 

HiSp 16~4-1 


Type 446 


15 Cr -60Ni 


Type 308 
Type 310 


Mi(pure) 
Hddfield 


4Mn-95 Ni 


2600 
2800 


3000 


The partial tribo-electric spectrum at the left the standard will show “negative” polarity 


3,200 


3,400 


3,600 


67 Ni-30Cu 


52 Ni-48 Fe 


Microvolts “Positive” 


shows the saturation voltage distribution of 
several alloys with 90Ni-10Cr alloy reference 
standard. These represent values of the 
“positive” polarity with the standard. When 
any alloy other than 90Ni-10Cr is used as a 
standard, those alloys higher in the list than 
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while those below will remain “positive.” The 
Metaldorter weighs 30 lb., uses 100 watts on 
house current, and testing speeds average 5 
to 10 determinations per min. An area ? by 
i in. of clean surface is required. Oil or grease 
on the suríace does not impair the test. 
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Positive jaw clutch ji 
Spindlle brake shift cylinders Hydraulic pump 


A Hyalrafro/ friction 
^ clutches 
Reverse 
Forward Spindle 
". P 


a 
Hydraulic | MU ES 


Re/ief valve 


Control 
For Heavy 
Engine Lathe 


CHANGING of spindle speeds in the 
Hydratrol lathe without stopping the 
spindle or going through intermediate 
speeds is accomplished through posi- 
tive interlock oí valve action; using 
rotary valves íor speed selection, and 
plunger type valves for co-ordination 
of function. Metered flow, pressure J M ma: e 
differential, and time delay valves are \—Spinalle release 
necessary in the cycle. Rotary valves reverse valve for chucking 
are used because of their high design 

flexibility, each valve having multiple 

functions with a large number of oil cae 

ports. Rotors are ground finished and ee tedio Ls jur 

valve bodies are honed for 0.0005 in. High pressure 

clearance. High pressure ports and -— n 

channels are separated by relief 
grooves to prevent "back-up" pres- 
sures from occuring. The hydraulic 
system operates at approximately 100 
lb. per sq. in. The Hydratrol lathe 
was developed by the Lehmann Ma- 
chine Company, St. Louis. 


ee 


The start-stop-reverse valve is of the 
rotary type, using angular positioning 
of valve channels and ports to direct 
the oil. This valve distributes oil to 
the proper friction clutch, when in the 
“run” or “reverse” positions and to 
brakes when in the “off” positions. 
Lines to clutches not in use are open 
to a gravity feed lubrication reservoir, 


wW 


peed sele 
ave 


— — —— —— M —— —— 4 


JV High pressure line from relay valves 


/ 


insuring that bushings are flooded \ me ayed booster valve shitting cycle stalls 
with oil at all times. The spindle re- a ee / Pig pressure "He fo Fio apeow selector valve 
lease for chucking is also a rotary tvpe Hydra slic Circuit Diagram for Hudratrol Headstock 
valve, 90 deg. motion. 


as jaws are engaging, 
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O—0-0-O Q0—O- 0-O- 


Section A-A 


Surface [ 


Clutch 

and 

brakes 

released 
^. 


Speed selector valve is of the 
type, operated by handwheel. 

the 
speeds and eight re ~ 


rotary 
Sixteen 
rotor give 


Clutch 
t 
opera ing 


angular positions of 


sixteen forward : 


speeds. In each position the 
selects one of 
friction clutches, and three of six posi- 
cluch engagements. 
distribution grooves 
the 


valves in 


verse 


valve two hydraulic 


tive jaw Two 
pressure 
direct high 
for distribution and 
clutch 
[his division of pressure systems mini 


carry 


pressure from pun} Metering 


for the 
shifter 


valve... 
i : poo/ 
the positive pistons 

Pressure 
mizes pressure drops that might affect inlet 


the speed shift cycle. 


Spindle 
clutch ___. 
equalizing 
pistons 


Friction 
clufch 
relief 


charnel Brake 


pressure 
port 


180° 220° 240% 270° 0° 


Brake relief 
channe/\ 


120° 140° 


Note: Shifter piston valve is 
plunger type for simplicity 
coc rdinatina with the motion of 
itches. It is 


shifter 


the positive jaw cl 


combined with clutch 


pistor 


Surface Development 


Shifter Piston Valve Detail 


Metering 


“ orifice 
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Rotor 


Clutch 
released 
brakes 
operating 


pad 
| Engaged Neutral Engaged 


| Fast 
>= 


PRODUCT DESIGNS 


Section B-B Section C-C Section D-D 


for Speed Selector Valve 


Clutch 
and 
brakes Clutch 


released Operating 
US — Hp inc» 


| | lo friction 
| " f be 
susc iE, Friction clutch 
| clutch 
—— Positive jaw clutch position 
Slow , Fast |. 
E Lu — Speed of shift 


Shifting piston 


Positive em 
„Cluich shifting 


and brake action 


Relay valve passages for tricton clutches and brakes 
‘Gee shifter piston detai/) 


mereririg 


Speed of shift is controlled by 

inlet pressure here. This actor s/ows piston 
--5so Aydraulic brakes will have time fo stop the 

spindle automatically when speeds ore 


Spindle Shifter 


Section A-A Assembly 


Vertical graph lines above spindle shifter drawing indicate 
end positions of shifting yoke for a set of positive jaw 
clutches. Horizontal lines represent clutch brake 
action, positive jaw clutch position and speed of shifting 
action. Plunger type shifter piston valve directs oil to 
friction clutch line when the piston is at the end of its 
stroke, opens clutch just after start of shifting cycle, and 
directs oil to the brake when shifting yoke is in neutral. 
It re-opens brake to atmosphere, then re-engages friction 
clutch at end of the shift cycle. Just before the positive 
iaw clutch is re-engaged during shifting, the primary and 
spindle brakes are released, allowing forward clutches to 
cause a slight rotation in the gear train, thereby reducing 
shifting effort required and the possibility of the beveled 
clutch jaws locking one against the other. 


and 





Modulating 
thermostat 


Mercury 
switches 


— 


Transformer 


Heating 
elements 
Separately — 
double fused 


Air filter 


Pressure 
contro/ 





Electric 
Home Heating Plant 


A STEAM GENERATOR operating much like a percolator 
is the heart of the Vap-O-Lec furnace. Electrical energy 
changes water into steam, and the steam heats spined, copper 
heat exchanger coils. Cold air is forced over the hot coils, 
then discharged directly into the hot air ducts. Electrical 
input is modulated by separately energizing each heating ele- 
ment so that the starting surge will not be too great. The 
furnaces are manufactured by the Cronholm Manufacturing 
Company, Portland, Ore., in sizes from 9 to 24 k.w. The 
latter size is designed to heat 18,000 cu. ft. of space based 
upon a minimum outside temperature of —15 deg. F. and an 
inside temperature of 72 deg. F. Unit base occupies 6 sq. feet. 
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Steam generator is a copper cylinder, 

8 in. dia, containing 1 in. generating 
Hot air out tubes sealed to top and bottom heads. 
Each tube has small orifices in its base 
and large orifices near its upper end. A 
1.500 watt tubular immersion element 
is sealed into each generating tube. The 
water line is maintained just beneath 
upper orifices with the cylinder acting 
as a reservoir. When elements are ener- 
gized, small steam blisters form along 
their skin, rise to upper orifices, then 
flow out into upper part of cylinder, 
which becomes a steam dome. This action 




























tvid air in 


accelerates until steam bubbles emerge 
in a steady flow. Copper tubes carry 
steam from dome to spined heat ex- 
changer, over which the cool air is forced. 


VAP-O-LEC FURNACE 


12 kw.— 220 v. - 60 cyc. 

15 lb. max. steam pressure. 

Usable steam obtoined 
in one minute 


Bottom generator head 





Steam generator /0 ga. 
copper. Tubes act as stays 














—— | 
Calrod or cromo/ox | 
i element 3 0.D. copper | 
enerarfor! ne 7. CO, 
lo hermes tube g 0.0. #" 1.D. | 



















Ie 0.0. copper tubing 
Finned coif unit- 40,944 


ically | 
b.ft.u. cap 


sealed 


Z OD. copper tubing 
Relay 





Modu/ating step contro/- 
25 volts 


Contro/ box, /4 ga 


I 
I 
I 
| 
! 
! 
I 
i 
i 
| 
I 


t. 
£^ 






7ro nformer 






Fuse panel, each elemen t 
fused at each end 





Vacuum pressure gage 
Motor 

m : 
g x/" angle iron 







Fan 





Top generator head 








Top gen. leads 
//0 V. to fan 
mofor 








To thermo. To thermos 
` 





HOV. relay 
oouble pole 
double throw. 





As a load starts from a low temperature each element 


is stepped into action at successive intervals by cam Motor 25 Vv. 
60 cycles“ 







operated mercury switches. Full load is held until 
steam pressure reaches the set point of 7 lb. per sq. in. 
\ pressurestat then reverses cam operation and the 
load is gradually stepped down until the differential 


point is reached on the pressurestat and forward action ; 
again takes place. Cycling continues until tempera- 
: T E Transformer * 
ure of the heated area rises to within 14 deg. F. of Sec. 25V. i 
set temperature.  Potentiometer in the thermostat Pri. 220 V. 
then takes over control of energy input and fewer ` 

: : -— f à Bottom gen. leads J 5 
elements are employed until the leveling off point is T Pressuretrol 
reached within 1 deg. of set temperature. kS a 
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PRODUCT DESIGNS 


Quick-Removable 


Fastener 


Redesigned 


SEVERE aircraft service given quick re- 
movable fasteners during the war indi- 
cated that they should (1) operate readily 
with repeated axial, planar and thickness 
misalignments (2) be installable without 
special tools (3) withstand repeated violent 
openings without .loss of tightness (4) 
have little possibility of parts separating 
(5) handle a wide range of thicknesses 
with a given set of components. Camloc 
Fastener Corp., N. Y., redesigned the 
Series 4002 fastener accordingly. It is 
made in floating or rigid, flush or plus 
flush types that open on a quarter-turn 
of the coin slot or wing heads. All parts 
are cadmium plated. The fastener is in- 
tended for joining metal sheets. 


Low cam rise 


Floating 
receptacle 


Aluminum 
dlie casting 


OLD 


vea SRN 


p 
Receptacle L 
ts drilled 
for two 


^ e 
i2 rivets 


increased 
cam rise 


One piece silicon bronze 
ole casting, Tempered 


dde dh by 
FL ree k 
o 
' 


CS m m m am am am aam am am am am am a am am am am am am am m a am am am a am am am am am a am am a am am am am am am a am am am m m a aa 


oa Addc 


E 
W- Receptacle is dimpled 


for two 3", /00° rivets 


ap uy 
ig Clearance hole, 


bottom panel 


‘. 0.250-0.255 mounting hole, 


to pane/ 


Single piece receptacle, die cast 
silicon bronze and stress relieved, w 
separate as could the old tw 
iece model. Increased head and « 
dam confine the stud crosspin to 
inore limited position thus reducing 
ear. Increased cam rise enables 
given stud to handle a greater rang 
of sheet sizes. Unit will stand 40,0! 


openings without serious wear 
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Aircraft? — . 9 ae s skirt lengths required 
Specification — 40 handle different thicknesses 
tool steel of material 


; : « 
Cross pin Cross pin of T 
of beryllium ! music wire << 
copper - A : / 


installation required Takes any material 
J ln awe thickness within 


; sfud range 
soldered Staked 0.005 in. VE M s 
at 4 places Rolle Steel Grommet 


et ha Re Se ates 


Under stresses occasionally encountered the old crosspin New grommet takes any material thickness within 
would shear. The solder would wear off in time and cross- range and can be installed in four different wavs, on 


pins fall out. Staking is more permanent and proved to which does not require special tooling. Large lip preve 


á 
be a faster, cheaper manufacturing method. Crosspin push- ud from contacting the sheet during installation so 
out is over 100 Ib. Music wire crosspin will stand shear and he possibilit f tearing the sheet is minimized 


tension loads of 1,500 1b. per sq. inch. 


Plastic-Sealed Thermostats in Electric Comforter 


NEW DEVELOPMENT in automatically regulated warmth without 
weight is the electric comforter made by Westinghouse Electric Corpo- 
ration. It is in the form of an envelope with a zipper opening at the foot. 
Top portion of the envelope is rayon satin, quilted with cotton filler; 
bottom is a single layer of spun rayon, which will not slip on the bed. 
A table control automatically compensates for room temperature 
changes. An adjustment allows for individual preferences in warmth. 


Vinyl insulated 


element wire Viny/ tubing. 


“Hard fiber Visser Heat seal 


NS. 
Vinyl tubing tubing 


- Safety thermostat Each thermostat is inclosed in a flexible plastic tube, heat-sealed at 
each end to the element wire, giving a completely waterproof inclosure 
These thermostats protect the comforter against overheating unde: 
abnormal use, such as heaping or folding while still connected. The 


warming sheet is easily removed and may be washed. 
“= Terminal block 


Warming sheet has approximately 180 ft. of waterproof, plastic-insulated 
wire sewed to muslin sheeting. Heating element is in two circuits and 
in each circuit are two safety thermostats. A small heater is in series 
with the bimetal-operated contacts and with the main comforter heater. 
he wattage of this heater is coordinated with the comforter wattages 
so as to give correct regulation by the control. Rating is 150 watts: 
usual consumption is estimated at less than 75 watts. 
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PRODUCT DESIGN briefs 


Marine Engine 


Horizontal design has reduced overall 
height of the engine 30 percent. Distance 
from center line of crank to top of engine is 
12 in. With the exception oí the block and 
head, aluminum alloy construction is used 
throughout this six-cvlinder, 225 hp. engine 
Weight is 965 lb. For easy installation the 
cylinder liners are hand-removable. It is built 
Fageol Products Company, Kent, O. 


Air Cooled, Single Cylinder Engine 


Developing better than 4 hp., this aircooled engine 
s designed as à power ant lor tarm equipment, 
arine applications, and separate units Integral 
speed drive permits full output of 4 hp 
wmal crankshaft r.p.n lutch and re 
are available as an integral assembly with the standa: 
crankcase, thus minimizing space required for install: 


tiol Specificatioi t ude hardened steel 


h 
ars, forged aluminum connecting rods, a 


1 
j 11 


displacement, cast aluminum alloy cylinder head, 
manent-mold cast aluminum piston, forged steel crank 
shaft and camshaft, and inter-changeable roller beat 
ings on crankshait and camshaft It is built by 
Industries, Los Angeles 


Wire Cord Tires 


Tires using wire cord in place of cotton o! 
rayon cord are fundamentally stronger because 
of high sustained strength under high tempera 
tures, negligible stretch under load, and th: 
ability to dissipate heat more rapidly írom 
normally vulnerable points. Wire cord tires 
run about 25 degrees cooler than the fiber cord 
tires, operate at about 30 percent higher pres 
sure and wear 50 percent longer. The wir 
cord is 0.036 in. in diameter and is composed 
of several strands of wire 0.0058 in. in dia 
twisted together. They are produced by th 
Firestone Tire and Rubber Company, Akron. 
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Surface Grinder 


This hand-operated suríace grinder uses 
hardened gears running in needle bearings 
Deep "V" ways between saddle and base and 
one "V" and one flat way between table 
and saddle are hand scraped and lubricated 
by gravity feed. The cartridge type direct 
drive spindle is mounted on ball bearings 
with automatic take-up for wear. The direct 
coupled 1 hp. motor and spindle are stati- 
cally and dynamically balanced and are totally 
inclosed. Casings are nickel alloy. Elevat- 
ing and cross feed screws are graduated in 
half thousands with vernier adjustment to 
0.0001 in. It is built by DoAll Company, 
Minneapolis. 


Heat Gun 


The Tocco Heat Gun brings the heat to the work and is 
particularly useful on large cumbersome assemblies or short 
production runs. The multiple turn coil gives high flux density 
with relatively low current supply, so that long leads of 
moderate diameter may be used. It is designed by the Ohio 
Crankshaft Company, Cleveland, to operate with a standard 
10,000 cycle motor-generator type induction heating unit. 


Welder with Arc Booster 


A selector switch on the welder governs the amount of booster 
current to be used in striking the arc. The selector provides 
a range of striking intensity to suit requirements in welding 
thin sheets or heavy plates or in the use of various types and 
sizes of electrodes. Current control, continuous and self-adjust- 
ing, is provided by the rotating reactor control and is held in 
position by cone brakes and actuated by a self-cleaning chain 
drive. Higher power factor and a reduction of condenser 
requirements have been gained through lower open-circuit 
voltages. The Fleet-Arc welder is housed in an all-welded 
frame. It is built by Lincoln Electric Company, Cleveland. 
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Electric Lift Truck 


All controls, torward and reverse, 
arranged so that they may be 
operated simultaneously lhe 


either by raising or !owering the 


1 


leverage simultaneously for 


is manufactured by 


speed, lift, steering and brake ar« 
regulated with one hand and, in some cases, 
double-position brake may be applied 
guide handle, thus simplitying braking 
action under any operating conditions and providing steering and braking 
operations on ramps. 
\utomatic Transportation Company, Chicago. 





The electric lift truck 


REVERSE BUTTON 
FORWARD BUTTON 


ATCO ELECTRIC LIFT 
BUTTON 


Lewyt 
moisture as well as air. So as not 
up 


ot 





Bagless Vacuum Cleaner 


This bagless 
Corporation, 


racuum cleaner designed by 
Brooklyn, can handle 
to stil 
diffusing louvers 


dust, aluminum air 


around the cleaner exhaust dissipate the flow 


filtered air upward at low velocity. The 


cleaner slides on stainless steel runners. One 
third hp. motor operates a 2-stage fan at 
16,000 


interference eliminator. 


rpm, It is equipped with a radio 





Random Notes 


Joining cast iron to itself or dissimila 
materials by silver brazing offers many 
first 
1 ` T "43 she s 
electrolytic action while im 


design possibilities. The casting is 
cleaned by 


mersed in a bath of molten caustic salts. 


This removes sand, carbon, scale and 
graphite inclusions from the surface. 
he minute porosities that result will 


silver 
that the 
cast iron 


accept soldering with such a firm 


bond joint is stronger than the 
Therefore complex castings 
in simple sections and then 


soldered together. 


can be made 
Aluminum, brass, and 
similar materials can be joined to cast 
iron without warping the iron with high 
The de- 
Kolene Corporation, De- 


temperatures was 


process 


veloped by the 


troit 
* e + 
A new electrical insulation material is 
on the verge of completion as a result 
of joint Navy-industry research. War 


experiences demonstrated that the organic 
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material in present insulation is not suí 


ficiently fire and arc-resistant and the 


toxic smoke released in battle fires was 
With Navy 


laminatic plastic suppliers are developing 


dangerous. sponsorship, 
insulation material, 85 
inorganic and highly fire re- 
It also offers a 30 percent saving 
in weight and 65 percent saving in cost, 
but is 
sirable. 


a glass-silicone 
percent 
sistant. 


not yet as arc-resistant as de- 


Multi-color printing by direct applica- 
tion of the exact shades of pigment de- 
sired has been perfected by McCorquodale 
& Company, Ltd., London. Up to 72 
different colors can be applied to an area 
18 by 22 in. with a single impression. 
Thickness of color up to 4 in. can be 
layed on paper, fabric and plastic ma- 
terials thus opening up numerous possi- 
bilities for simulating the texture and 
many kinds of The 
process is accomplished with a surface 


color of surfaces. 


recessed to the shapes of the color areas 


to be applied. Each recess is separately 
fed through a flexible rubber tube, } in 
dia., connected to its respective color well 
in a rectangular tank above the press 
Mr pressure at 15 lb. per sq. in. con- 


trols the rate of flow. 
* + * 


Rivets of acrylic resin have been de 
veloped by the Douglas Aircraft Com- 
pany, Seattle. These rivets, available in 
colors, can be used to fasten light metals 
and plastics. They can be clinched with- 
out shock by heating and expanding with 
air pressure, thus permitting use as a 
blind fastener. 


Enamels formulated on a modified syn 
thetic rubber base are produced by Maas 
& Waldstein Company, Newark, The 
enamels, named Coprene, are recom- 
mended for wood or metal where a 
chemically resistant tough flexible finish 
is required. It may be air dried o: 


baked. 
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STAINLESS STEELS FOR SPRINGS—I 


HAROLD C. R. CARLSON 
Chief Engineer, The Chas. Fischer Spring Company 









This two part article presents specific data and information on stainless 
steels to enable the designer to specify the correct types of stainless 
steel for springs subjected to corrosive conditions and to elevated or 
sub-zero temperatures. This first article covers properties and workability. 











STAINLESS steel is an alloy con- producer of stainless steels should be a nitric acid solution of 20 to 40 


taining the relatively uncorrodible consulted. percent by volume. ‘This practice is 
metal chromium—the only alloying The reason for the corrosion re- known as “passivating’ or “im 
element out of some 40 possible ele- sistance of stainless steel, though still munizing.” For best results the acid 
ments intentionally added to steel— a controversial issue, is explained by solution should be kept at a tempera- 


which produces a condition approach- the ''film-theory." An extremely thin ture of 130 to 140 deg. F. and the 
ing complete resistance to atmospheric protective oxide film is formed on time of immersion from 5 to 30 min., 
corrosion. Most stainless steels con- the surface by chemical reaction. The depending upon the cleanliness of the 
tain from 12 to 20 percent chromium. — effectiveness of this protective surface — surface. 

Stainless steel to be used for layer is temporarily reduced by heat- Producers of stainless steel have 
springs, is made by the electric-fur- treatment but can be quickly returned classified all generally used composi 
nace process under rigidly controlled to normal by dipping the material in tions. These have been given alloy 
conditions and is usually thinly coated 
with zinc, lead, tin, cadmium, or 
with a combination of two or more 






























è à : Table I—Comparison of Chemical Compositions of Stainless 
of these materials, to lubricate the 


wire while being coiled in automatic MI composition expressed in percent 
spring coiling machines. Such coat- | / 
Chromium Nickel | Chromium Stainless 


ings are not necessary for springs 
> . S] \ustenitic 


p I 
to be made by other methods, nor for Conmusition 
W ire torms oi flat strip. Stainless l pe l pt | vpe* ] vpe I ype I pe ** 
o à | i 1] 3:02 304 316 414 420 430 Non 
steel spring. wire does not usually *18-8"  **18-8" "18-12" | Hardenable Hardenable Hardenabk 
have the highly polished appearance 
that is generally associated with stain- 0 09:0 0 OS 0 10 0.12 0.25 to 0.012 
less steel, but this does not materially Carbon 
Los Len j . . 0 20 Max. Max. Max. 0.40 Max 
affect its corrosion resistance. à ahaha = 
` e 17.00 ro 17 00 to 16.00 to ll 50 to 12 00 to lé 00 to 
APPLICATION. Stainless steel allovs iudi 
are suitable for springs subjected to 20 .00 30.00 18.00 13.00 14.00 I8 00 
í Vé ^1 » r E ` ^9 2 ‘a - — 2 re — — Z 
ı variety of corrosive surroundings. | gto 800to 10 00to 1 50 to 


Moderately stressed stainless steel Nickel 
prings can operate at elevated tem 10.00 10.00 14.00 2.50 
peratures up to 550 deg. F. Some 


| 


0 20 to 0 20 to 0 20 to 0 60 0.60 0.60 
compositions, such as the austenitic Manganese M M 

).70 0.70 2.5 Max. Max. | i 
types, are usable at sub-zero tempera- À S 5, S — — x as 
tures. The industrial reagents to 0.75 0.75 0.20 to 0.50 0.50 0.50 


which properly prepared surfaces of Silicon 





vie | Max Max. 1.50 Max. Max. Max. 
stainless steel are immune or highly | ipei aie winamme " 
resistant include alcohol, alkaline 0 030 0.030 0.040 0.030 0.030 0.030 


. . > ) ‘ 
solutions, ammonia, atmosphere, crude Phosphorus 





| Max Max Max. Max. Max. Max. 
oil, fruit and vegetable juices, gaso canes - — 

line, mercury, mine water, perspira- . - | 0.030 0.030 — 0.050 | 0.030 0.030 0.030 
tion, sea water, steam, soap and sugat re Mas Max. Max. | Max. Max. Max. 
solutions, and many mineral solids i T : ——— — amines —— 
and organic chemicals. In selecting *Also contains 1.75 to 2.75 percent molybdenum and may contain up to 0 50 percent 
an alloy to obtain resistance to specific copper 


**N on-hardenable grade used for convevor screws. 
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type numbers by the American Iron 
and Steel Institute and these numbers 
are universally recognized. The num- 
bers, always in three significant fig- 
ures such as “302” or “402” are used 
herein, but cross-reference to better 
known terms such as “18-8” are fre- 
quently made. 


Types. There are two general groups 
of stainless steels that can be used for 
springs. The first group discovered 
was the high chromium martensitic 
alloys containing relatively high 
amounts of carbon. These are mag- 
netic and are hardenable by heat- 
treatment, but are subject to grain 
growth and embrittlement during 
heat-treatment unless special precau- 
tions are taken. This group of stain- 
less steels is rapidly attacked by sul- 
phuric acids, but it is practically im- 
mune to sea water. 

Addition of nickel in amounts up 
to 10 percent created a new group of 
stainless steels having austenitic grain 
structures. This is the most popular 
group of all stainless steels. The 
most generally used type contains 18 
percent chromium and 8 percent 
nickel, popularly known as 18-8. The 
addition of nickel increases the cor- 
rosion resistance, 


makes the alloy 


non-magnetic in the annealed state, 
and eliminates brittleness. These al- 
loys, however, cannot be hardened by 
heat-treatment but they acquire high 
tensile strength and hardness by the 
process of cold drawing through wire 
drawing dies, or by cold rolling. 


CHROMIUM-NICKEL STAINLESS STEEL 
(18-8) (Types 302, 304 and 316) 
There are only three types of aus- 
tenitic chromium-nickel stainless steels 
in general use for springs. All three 
types obtain their high tensile strength 
and hardness by the cold work result- 
ing from the process of reducing rods 
to smaller diameters by cold drawing 
through hardened steel dies. ‘The 
smaller sizes of wire are cold drawn 
through dies made of drilled dia- 
monds. Flat strip is cold rolled to 
size. These types are non-magnetic 
in the annealed conditions, but the 
cold work done by rolling, drawing, 
coiling, bending, and other operations, 
causes them to be slightly magnetic. 
Some of the magnetism is removed 
with the low thermal treatment used 
to relieve coiling and bending stresses. 
The austenitic chrome-nickel stain- 
less steels are available in round wire 
in diameters up to 3/16 in. in the 
full-hard condition. 


Larger wire 
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Table li—Ultimate Tensile Strength of Stainless Steel Spring Wire (Minimum) 
Expressed in pounds per square inch 





Chromium Nickel 





Chromium Stainless 





Wire Diameter, Austenitic Heat-Treatable 
inches 
Type* Type** Type 
302 304 316 
18-8 18-8 AN-W-23 Type 414 Type 420 
18-12- 
MO 

Up to 0.010 320,000 290,000 245,000 | Obtainable hard Always used 
0.011 to 0.016 312,000 275,000 240,000 | drawn in sizes in the annealed 
0.017 to 0.026 296,000 255,000 235,000 | up to 3/16" condition and 
0.027 to 0.033 281,000 245,000 235,000 | diameters with then hardened 
0.034 to 0.041 274,000 245,000 235,000 | tensile strengths and tempered 
0.042 to 0.051 262,000 240,000 230,000 | about 85% of type after forming 
0.052 to 0.063 250,000 240,000 225,000| 302 
0.064 to 0.071 245,000 235,000 220,000 Wire diameters 
0.072 to 0.080 240,000 230,000 215,000 | Obtainable also above 3/16" 
0.081 to 0.090 235,000 225,000 210,000 | in the tempered can be heat 
0.091 to 0.100 233,000 225,000 205,000 | condition or treated to 
0.101 to 0.106 227,000 220,000 200,000 | annealed for produce tensile 
0.107 to 0 130 221,000 215,000 195,000 | hardening and strengths 
0.131 to 0.138 213,000 208,000 195,000 | tempering after ranging from 
0.139 to 0.146 207,000 200,000 190,000 | forming, with 00,000 to 
0.147 to 0.162 204,000 197,000 185,000 | tensile strengths 250,000 p.s.i. 
0.162 to 0.180 201,000 195,000 170,000 | ranging from 
0.181 to 0.188 200,000 190,000  ..... 175,000 to 
0.189 to 0.250 175 165,000 225,000 p.s.i. 


*Also obtainable in tensile strengths about 5 percent higher. 
**Also obtainable in tensile strengths equal to those of type 302, if necessary, but not 


recommended. 
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diameters are available also, but they 
may be obtained only %4 or 34 hard 
and their tensile strengths are cor- 
respondingly lower. For sizes above 
3/16 in. diameter therefore, it is 
frequently preferable to use a straight- 
chromium martensitic stainless steel 
which can be heat-treated to give 
higher tensile strengths. 

'Type 302 (18-8) has the highest 
tensile strength and is frequently pre- 
ferred by spring designers for this 
reason. This type in the fully hard- 
ened condition should not be sub- 
jected to sharp bends, and is best used 
in compression springs. 

Type 304 (18-8) has a slightly 
ages about 90 percent of type 302, 
is easier to pull through the drawing 
dies and is frequently preferred by 
the wire drawing companies. This 
type has good bending properties, and 
inasmuch as its tensile strength aver- 
ages about 90 percent of type 302, 
the two types could, for practical pur- 
poses, be considered interchangeable. 

‘Type 316 (18-12 + Mo) although 
frequently called an 18-8 alloy, is 
not a true 18-8 composition. ‘This 
modified grade contains a higher per- 
centage of nickel as well as approxi- 
mately 2.00 percent of molybdenum. 
It is slightly more resistant to cor- 
rosion than types 302 and 304 in the 
presence of chlorides, phosphates, 
sulphates and other salts and also 
in the presence of reducing acids such 
as sulphuric, sulphurous, acetic, and 
phosphoric acids. This type was de- 
veloped for use in the chemical, paper 
and textile industries. The U. S. 
Army and Navy prefer this grade 
and cover it by a joint Army-Navy 
Specification No. AN-W-23, for aero- 
nautical supplies. 

All three types, 302, 304 and 316, 
in round wire form, are used for 
general spring applications requiring 
wire diameters up to 3/16 in. Hard 
rolled strip is used frequently for flat 
spring clips and similar applications. 
These types are suitable for elevated 
temperatures up to 550 deg. F. and 
also for sub-zero temperatures. ‘The 
excellent corrosion resistance of 
the aforementioned non-hardenable, 
slightly magnetic alloys makes them 
the most popular of all stainless steels 
whenever a choice of type is permis- 
sible. 

A new type of heat-treatable stain- 
less steel of the 18-8 type called Stain- 
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Display of stainless steel springs of various forms including flat types as well as round and square wire. 


less 322-W was developed during the 
war. This material is formed in the 
annealed condition and is then precip- 
itation hardened after forming. It 
is magnetic and has the following 
chemical composition : 


DENEN Loisesexvs vids 0.12 percent max. 
Chromium ......... .16.00-18.00 percent 
o EEEE s 6.00-8.00 percent 
Ce 2.00 percent max. 
EMMBBNVE Lesceovvevs 0.04 percent max. 
BENE uosqiesv vuus 0.04 percent max. 
FIM TTE TT 0.40 to 1.00 percent 
PE TTT 1.00 percent max. 
The titanium acts as the principal 
precipitation hardening element. 
Stainless 322-W has good physical 
jroperties when aged at 950 deg. F. 
After being properly aged the mate- 
rial has a tensile strength from 195,- 
000 to 225,000 Ib. per sq. in., a yield 
strength at 0.2 percent offset from 
180,000 to 210,000 Ib. per sq. in. and 
has a Rockwell Hardness of C39 to 
C46. This material will be found 
useful for springs that are closely 
coiled (having a small spring index), 
and for flat stampings which have 
sharp bends, inasmuch as it is shaped 
in the annealed condition and then 
hardened after forming. Like other 
types in the 18-8 group it may also 
be used at elevated temperatures up 
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to 550 deg. F. with moderate stresses, 
and with only a slight loss of load. 
This new material is not available at 
this time for quantity production as 
it is still in the laboratory stage. 


CHROMIUM STAINLESS STEEL. Types 
414 and 420. There are only two 
types of heat-treatable martensitic 
stainless general for 
springs. These types are coiled or 
formed in the annealed condition and 
are then hardened in a manner sim- 
ilar to carbon steels by heating and 
oil quenching; then tempering or 
drawing to desired hardness. Types 
414 and 420 contain little or no 
nickel and are magnetic. Type 420 
does not have so-called “stainless” 
properties until after it has been heat- 
treated. Both types should have a 
clean scale-free finish, usually obtain- 
able by shotblasting, tumbling, pick- 
ling or polishing. "These straight 
chromium high carbon stainless steels 
may be used at elevated temperatures 
up to 550 deg. F. with a load loss 
of less than 10 percent provided the 
springs are stressed relatively low. 
Stress values between 40,000 and 
60,000 Ib. per sq. in., including curv- 
ature correction factor, have been 
used quite frequently with excellent 


steels in use 


results. Brittleness and inability to 
withstand shock or impact loading at 
low temperatures make these mate- 
rials unsatisfactory for sub-zero ap- 
plications. They are generally recom- 
mended for stainless steel springs hav- 
ing wire diameters above 3/16 in. and 
also for smaller wire diameters where 
the spring index, mean coil diameter 
divided by wire diameter, is less than 
four. Type 414 in hard rolled strip 
is frequently used for flat springs 
without further hardening. 


Workability of Stainless Steels 
for Springs 


WeELpING. The chromium-nickel, 
18-8, stainless steels are most suit- 
able for welding. 'They produce 
strong tough welds. The high heat, 
however, may cause a precipitation 
of carbide to the grain boundaries 
resulting in intergranular corrosion, 
electrolytic attack and physical em- 
brittlement, unless proper precautions 
are taken. The stabilized grades of 
18-8 containing columbium and 
titanium are recommended when 
welding is required since these ele- 
ments retard inter-granular corrosion. 

Straight chromium stainless steels 
also may be welded, but the welding 
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heat is above the heat-treating temper- 
ature used for hardening, and when 
the weld cools, the weld and the par- 
ent metal becomes air hardened, and 
brittle. The metal should be annealed 
after welding to remove embrittle- 
ment, relieve weld stresses and restore 
uniformity and corrosion resistance. A 
passivating treatment should also be 
given, 
with un- 
coated rods having the same composi- 
tion as the parent metal is used mainly 
for light gages up to 0.037 in. diam- 
eter or thickness. 

Electric 


Oxyacetylene welding 


arc welding with flux 
coated rods is used primarily for me- 
dium and heavier gages, usually above 
0.037 in. The rod or electrode should 
be connected to the positive terminal, 
and the work to the negative terminal. 
Electric resistance welding, includ- 
ing spot, seam, butt and flash welding, 
produce uniform, high quality welds. 
Atomic hydrogen welding may also 
be used. Hammer, forge or open fire 
welding is not recommended. 
Welding springs is generally not 


recommended because the 


welding 
heat might destroy the spring temper 
of the material. An occasional spot of 
weld, or tacking the end coil to a 
plate, is about all the welding that 
should be done to springs. 


BRAZING. Although brazing stain- 
less steel can be done without diffi- 
culty, this process of joining is not en- 
dorsed except where stainless is joined 
with brass, bronze or other non-fer- 
rous metals. The high melting point 
of brazing alloys causes carbide pre- 
cipitation and intergranular corrosion 
on the 18-8 grades. The high brazing 
temperature also causes the straight 
chromium steels to air harden and be- 
come brittle unless an annealing treat 
ment is Where 


given. brazing is 
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Table IlI—Ultimate Tensile Strength of 
Austenitic (18-8) Flat Cold Rolled 
Stainless Steel Strip 


| 
| Tensile 
Hardness | Strength 
lb. per sq. in. | Ib 
| avg 


Yield 
Strength 
per sq. in. 
min 


125,000 

150,000 | 
175,000 | 
185,000 | 


Hard | 
Hard 
Hard 
| Hard 


75,000 
110,000 
135,000 
140,000 


1/4 
1/2 
f 
l 


| 


A TN 


| ; x 
| Chromium-Nickel 


Propert: | 


Ce 


Modulus of Elasticity in 
Tension “E” 


Modulud of Elasticity 
in Torsion “G” 


Elastic Limit in Tension** 


Elastic Limit in Torsion** 


Hardness, Rockwell 


Electrical Resistivity 
Microhms per inch’, 70 deg. F. 28 


Structure 


60 to 75% 
of tensile 


45 to 55% 
of tensile 


C42 to C47 


Austenitic 


Chromium Stainless 


Types 302, 304, 316 


Type 414 Type 420 


26,500 ,000* 





10, 500,000 10,500,000 





60 to 70% 


of tensile 


65 to 75% 
of tensile 


45 to 55% 
of tensile 


42 to 52% 
of tensile 


C43 to C48 


C46 to C51 


26 22 


Pearlitic— 
Martensitic 


Martensitic 


Non Magnetic 
when annealed 


Magnetism 


Slight Magnetism 


Magnetic Magnetic 


when cold worked 


Elongation 


Weight, per cu. in. 


4 to 6% in 2 in. 
(Hard Drawn) 
55% Annealed 


0.288 Ib. 


5to 805in2in. 4 to 796 in 2 in. 
(Hardened) (Hardened) 
30% Annealed 25% Annealed 


0.288 Ib. 0.280 Ib. 


*The modulus of elasticity in tension varies with methods of manufacture and is difficult 
to control; for design purposes, the lower value of 26,500,000 gives most uniform results. 

**The term “elastic limit” is taken as a percentage of the ultimate tensile strength for 
convenience purposes and is used because many designers are more familiar with this term 


than with other terms approximating the same value. 


Some materials do not have a true 


elastic limit, but terms such as “proportional limit,” “yield strength at 0.2 percent offset,” 


“endurance limit,” etc., add to the confusion in the designer’s mind. 


All that he usually 


is seeking is the maximum stress that should not be exceeded before plastic flow causes an 
undesirable amount of permanent set in the material. 


necessary, Tobin bronze with a suit- 
able flux is recommended. 


SOLDERING. Thoroughly cleaned 
surfaces can be soft soldered quite well 
with solder composed of 50 percent 
tin and 50 percent lead, provided that 
a suitable flux is used. The strong 
acid fluxes should be thoroughly 
washed off to prevent local corrosion 
and pitting. 

Silver solders are used extensively 
with excellent results, particularly 
with the 18-8 grades, provided care 
is used to retard intergranular em- 
brittlement and carbide precipitation 
that frequently occurs when 18-8 is 
heated between 800 deg. and 1,400 
deg. F. Silver solders commonly used 
are those that flow between 1,200 deg. 
and 1,600 deg. F. When used with 
straight chromium stainless steels, the 
silver solder should flow freely at 


temperatures below 1,450 deg. F. and 
thus prevent air hardening of the 
parent metal. 


STRIP. Flat cold rolled strip can 
be obtained in the straight chromium 
grades (Types 414 and 420) in the 
hardened and tempered condition. It 
can be used only when very little 
forming is required. For severe bend- 
ing and stamping it can be obtained in 
the annealed condition and hardened 
and tempered after forming. 

Flat cold rolled strip is also ob 
tainable in the chromium-nickel aus 
tenitic grades, Types 302, 304 and 
316, to the tensile strengths shown in 
Table III. 

Part II of this article, next month, 
will present data on fatigue life, al- 
lowable working stresses, heat treat- 
ment, tolerances, prices, etc. and sum- 
marize recommended application data. 
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PLASTICS 


Molds made of powdered metals are 
now being constructed. This tech- 
nique is useful for some designs that 
are impossible to hob or too expensive 
to machine. The use of powdered 
metals reduces the tendency to break 
or tear thin sections, off-center areas 
and raised points. As mentioned in 
Modern Plastics, March 1947, various 
types of metals can be used. Dupli- 
cate molds with large cavities are not 
generally constructed of powdered 
metals. In line with this is a review, in 
the March 1947 of Industrial Plastics, 
on the use of a plaster model to con- 
trol production of duplicate molds with 
large cavities. The model is painted 
with an electroconductive coating and 
used with a modified, standard, turret- 
head milling machine. When the 
stylus of the contour following device 
touches the coated model a signal 
sounds and a red light flashes warning 
the operator to stop the down feed. 
Two contour signalling devices, with 
different pitch, can be used for warn- 
ing of both down-feed and in-feed. 


Steam Preheating, a possible replace- 
ment for dielectric heating, is still being 
investigated. This method has been 
found to be very good with phenolics, 
not so successful with melamines and, as 
reported in Plastic News Letter, March 
3, 1947, it is not expected to give good 
results with urea molding powders. 
The general opinion seems to be that 
steam preheating will be used in mold- 
ing large parts for which the cost of 
dielectric heating would be prohibitive. 


Corrosion resistance, an industrially 
important property of plastics, has not 
received the attention it deserves. Ex- 
ample of this use are discussed in 
Plastics New Letter, Feb. 17, 1947. 
Gaskets made of a vinyl polymer have 
been in service for over a year in 
lines carrying nitrating acids. Another 
vinyl polymer has been used in the 
manufacture of 300 gal. vats for stor- 
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Corrosion 


ing olive brine solutions. 
resistance, transparency and high im- 
pact strength combine to make plastics 
better than other materials for such 


service. The phenolic asbestos com- 
bination used in the production of cor- 
rosion resistant pipes and equipment 
are well known. Not so well known is 
the fact that phenolic resins are being 
used as an internal coating for metal- 
lic pipe to prevent corrosion in oil 
well drilling. As pointed out in the 
March 1947 issue of Plastics World, 
this coating also resists extremes in 
temperature changes and mild abrasion. 
Plastic gaskets are also used in oil well 
corrosion problems to provide insula- 
tion against the electrical circuits that 
are set up from the connecting pipe 
line system to the uninsulated well 
As reported in the March 
24, 1947 issue of Plastics News Letter, 
this electric leakage often destroys the 


structure. 


outside of well casings. 


Polystyrene, generally considered to be 
somewhat brittle for use in fabricat- 
ing products, has been made tougher 
in one direction by orientation. The 
next step was to orient it in two 
directions to produce greater flexibility 
and toughness without the loss of its 
good chemical and electrical properties. 
The material can be made in a num 
ber of colors and can be fabricated into 
strips, cylinders or tubing. 


High pressure laminates, long used 
by the Navy for stern bearings and by 
steel mills for roll neck bearings, are 
being used more because of their ex- 
cellent wear resistant properties. A 
phenol-formaldehyde high pressure lam- 
inate has been used for 2 vears for 
plates and holding pins on the table 
ways of large planers. Modern Plas- 
tics, March 1947, points out that ther- 
mal insulating properties are also im- 
portant in this application. The Navy 
has concluded a study into the various 
types of shipboard electrical panels and 
has decided that melamine-glass lam 
inates are still the only satisfactorv 
type. As mentioned in the March issue 


Ue EE 


v tus met 


votum ua me aem d m mea DF 


of Modern Plastics, the investigation 
covered the effect of the usual flame- 
proofing salts in improving the fire re- 
sistance of various types of materials. 
The melamine resin was not improved 
by use of these salts. Fiberglas and a 
polyester resin are contact laminated to 
produce the entire one-piece body of a 
small electric runabout. The total area 
is greater than 200 sq. ft. and is given 
a surface coating after curing. 
Sandwich construction beginning to 
increase in the United States, is also 
being tried in England. One of their 
wartime aircraft materials is now being 
converted to peacetime uses. As re- 
ported in Modern Plastics, March 
1947, prefabricated house sections, 
furniture, cupboards and forms for 
cement work are being made with 
sandwich construction techniques. The 
most used form is made up of skins 
of resin-impregnated flat papers with a 
core of impregnated paper tubes. Wood 
sections are put on the edges to pro- 
vide good fastening bases. The Eng- 
lish have found that this sandwich con- 
struction gives good thermal and sound 
insulation with dimensional stability. 


Mold ard press design improvements 
better powders and 
processing techniques are bringing about 
larger molded shapes. These molded 
produced more rapidly 
and with lower total costs than was 
previously possible. Thermoplastic ma- 
terials which were originally used to 
make 2 oz. toys are now being used 
to mold radio cabinets and 16 oz. re- 
frigerator panels 32 in. in length. The 
refrigerator sections, with a projected 
area of 120 sq. in., are molded from 
polystyrene in a single injection cham 
ber machine on a 70 sec. cycle, as re- 
ported in Plastics World, March 1947. 
Thermosetting molded shapes, though 
not as large as thermoplastic, are in- 
creasing in size. One of the largest 
is an 18x12x4 in. silverware chest, 
illustrated in the Feb. 1947 issue of 
Modern Plastics. This urea chest has 
a complicated engraving on the lid 


coupled with 


pieces are 


107 





that would be impossible with wood 
because of prohibitive fabricating costs. 
The chest is of a solid ivory color and 
there are none of the grain-matching 
problems found in wood construction. 
The finish may be marred or scratched 
by rough handling but the color of the 
chest will not be changed because of it. 
Also injection molded of colored poly- 
styrene, automobile anti-fog lenses are 
being fitted in sealed-beam headlights. 
Over 95 percent of these lenses, as dis- 
cussed in the March 1947 issue of 
Modern Plastics, are free from surface 
irregularities and flow marks. The lens 
is O.1 in. thick and cannot be buffed 
after molding. Polystyrene, because of 
its low cost, has many uses where water 
resistance and electrical insulating prop- 
erties are not needed. When toughness 
is important cellulose acetate and cellu- 
lose acetate butyrate are used. Accord- 
ing to Plastics News Letter, March 24, 
1947, a fully automatic molding ma- 
chine has been developed for thermoset- 
ting materials. Molding powder is fed 
to a hopper; the machine makes pre- 
forms of the proper weight, preheats 
them by a high frequency current and 
completes the transfer molding op- 
eration. 


Glass cord fabric filled tires do not yet 
have the endurance of standard rayon 
filled tires according to the Feb. 1947 
issue of India Rubber World. The glass 
fabric, which costs three times as much 
as rayon, is stronger and has better heat 
resistant properties than either cotton 
or rayon. When coating and adhesion 
problems have been satisfactorily solved 
tires made of this material should give 
greater protection against curbs, stones 
and glass. 


Though plastics are superseding metals 


in some instances, the trend is defi- 
nitely towards their joint use. Plastic 
sealing caps and sleeves are being gen- 
erally used for keeping dirt, grease and 
moisture from pipes, tools and electri- 
cal connections. These parts are easily 
applied at room temperature and, be- 
cause they can be removed easily, may 
find much use on materials in transit. 


Synthetic rubbers for use in the tire 
industry continue to be improved. One 
manufacturer of automobile tires is 
using a new Butrax accelerator. This 
accelerator, as reported in Rubber Age, 
Feb. 1947, has had the effect of more 
nearly equalizing the inside to outside 
temperature variation during the cur- 
ing process. The final effect is to re- 
duce the possibility of tread cracking 
and ply separations. Not only are the 
synthetic rubbers being improved but 
also new ways to use them effectively 
are being discovered. A steel company 
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that makes truck and bus wheel rims 
has found that wider rims give increased 
tread mileage. By actual field tests it 
was found that a 30 percent increase 
was brought about by the added width 
of the rim. An additional 10 percent 
increase was effected by putting a 5 
deg. taper on each side of the rim. This 
reduced tire wobble and rim rust which 
were contributory causes to tire failures. 


The use of synthetic rubber in the 
form of latex has doubled since 1939. 
This has been as a result of the develop- 
ment of new products rather than as 
an improvement in the latex. The de- 
velopment of coagulation dip and gela- 
tin processes has made possible ex- 
truded threads, foam sponge, bonded 
fibers and new adhesives that could not 
have been made from slabs. The ad- 
vantages of latex over slab in some ap- 
plications are numerous: The rubber 
polymer is generally produced directly 
in emulsion form; can be compounded 
with less power and no chance of poly- 
mer degradation; dipping process is 
simple because bath concentration in 
latex case, unlike the solvent case, does 
not change upon successive dippings. 
Rubber latices are frequently com- 
pounded with fillers, dyes and emul- 
sions of resins for use in adhesives, coat- 
ings and impregnants. 


Natural and synthetic rubber continue 
to vie with each other for top recogni- 
tion and use in the industrial field. 
Some synthetics will be used instead of 
natural rubber in applications where 
special properties are required. Cost 
will not be a deciding factor for these 
plastics. Natural rubber’s competition 
is in the form of the GR-S family of 
synthetics. According to the Feb. 1947 
issue of Chemical Engineering the price 
of GR-S rubber puts it in the favored 
position today. The cost of producing 
GR-S has steadily fallen from 35 cents 
per lb. in 1942, to the present cost of 
13 cents. During the same period the 
selling price of natural rubber has in- 
creased to 25-3/4 cents per lb. As in- 
vestigation of GR-S rubber continues 
less difference is found between the 
physical properties of the natural and 
synthetic rubbers. The final outcome 
determining which rubber will be used 
most may hinge on legislation now 
pending before Congress. If a strong 
protective tariff is imposed on natural 
rubber, to preserve our synthetic indus- 
try against the advent of another world 
war, it may very well sound the death- 
knell for natural rubber. 


The high frequency welding of mate- 
rials with low dielectric constants is 
being used as extensively as the heat- 
sealing of standard thermoplastics. The 


Feb. issue of Plastics (British) re- 
views the methods of repairing cable 
coverings, converting sheets to tubes 
and welding flanges on pipes. Poly- 
styrene and polyethylene can be welded 
with high frequency methods by cover- 
ing the surfaces of the electrodes with 
high dielectric loss materials such 
as vinylidene chloride. The dielectric 
heat generated in the vinylidene 
chloride is transferred by direct con- 
tact to the low loss materials, which 
in themselves are relatively unaffected 
by the high frequency field. 


For surfaces of polished steel, iron, 
aluminum, bronze and brass, which are 
dificult to wet with ordinary paints, a 
new petroleum-derived synthetic “A- 
Resin” has been developed. This paint 
has good properties of adhesion and 
flexibility. The coating is hard, dur- 
able, light fast and resistant to many 
chemicals. It can be used as the 
primer coat on automobiles. When a 
coating 0.002 in. in thickness is applied 
to metal the piece may be stamped or 
punched without cracking the adjacent 
paint. 


Designed for use on war materiel, 
polyethylene resins have found many 
new uses. Since this material remains 
tough and flexible over a wide range of 
temperatures food bags made from it 
are excellent for deep freeze packaging 
of foods. It can be made in tape or 
monofilament form where it is even 
more useful. The monofilaments can 
be woven, knitted, braided or power 
loomed into a variety of weaves and 
patterns. The tape can be machined, 
drilled and welded. Polyethylene res- 
ins are also being molded successfully. 


NONFERROUS METALS 


An aluminum solder, known as Alsoco, 
developed in Switzerland and tested in 
the United States, has shown that it 
may expand the use of aluminum. A 
test fabrication of aluminum soldered 
to aluminum without flux or a substi- 
tute was subjected to a 250 hr. salt 
spray corrosion test. Investigated in 
shear the aluminum base metal failed 
while the joint held fast. An aluminum 
wire soldered to a standard copper lug 
registered resistance of 20 microhms; 
after the salt spray the average increase 
in resistance was about 8 microhms. 
Metallographic examination of the sol- 
dered joint after the corrosion test 
showed that there was no preferential 
attack on the base metal by the solder. 
Surface corrosion appeared on the sol- 
dered joint but it did not seem to be a 
result of galvanic action. Vibration 
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tests conducted on two, stranded-alu- 
minum cables, soldered to standard cop- 
per lugs, broke the cable but failed to 
rupture the joints. This solder provides 
a fast and effective way to achieve a 
strong joint, while retaining good elec- 
trical and physical characteristics. 


Self plugging Monel rivets, 1/8 to 9/32 
in. in diameter have been found capable 
of resisting a 4,000 lb. per sq. in. shear- 
ing stress, as reported in Mechanical 
Topics, Vol. 9, No. 4. These hollow 
rivets are driven blind and expanded 
from the working face by drawing a 
step-tapered pin part way through the 
shank of the rivet. The pin is then cut 
off leaving the equivalent of a solid 
rivet. 


Aluminum alleys, which are subject to 
corrosion, must be used carefully to 
avoid damage to the final product. 
Proper drainage for tanks, separation of 
dissimilar metals and the use of anodic 
or cathodic principles are discussed by 
R. H. Brown and R. B. Mears in the 
March 1947 issue of Corrosion. 


Alloys that are suitable for use in screw- 
making machines are now made in rod 
form. This continuously cast brass and 
bronze stock is free from dross, inclu- 
sions and shrinkage cavities. Non-solu- 
ble constituents, like lead, are uniformly 
distributed throughout the whole cast. 


Anodic protection has been, success- 
fully used in the construction of ship 
hulls. The cathodic system has been 
applied to pipe lines, storage tanks, hot 
water vessels and ship hulls. 


Thorium-coated iron, nickel, molybde- 
num and carbon anodes were found by 
the Germans to increase the efficiency 
of radio tubes. As explained in the 
Office of Technical Services Bulletin 
PB-27712, these coated anodes absorbed 
the gas remaining after evacuation of 
the tubes and gave better performance 
characteristics because of the higher 
vacuum produced. 


Temperature control in chromium-plat- 
ing baths has been found to be one of 
the most important conditions necessary 
to insure satisfactory quality of work 
and to give maximum efficiency. As 
mentioned by M. G. Herbach and 
C. W. Bowden, Jr. in the Feb. 1947 
issue of Metal Progress, chromium 
plating baths are more sensitive to 
changes in operating conditions than are 
any other of the commercial electroplat- 
ing solutions. In line with this is a 
discussion in Machinery, March 1947, 
by C. F. Nixon, on the finishing of 
zinc-base, die-castings used for auto- 
motive trim. The same technique can 
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be applied to general hardware usage. 
For good plating the die-castings must 
be free from shills, swirls, cold laps, 
splashes and gate holes. A good cast- 
ing will not need much polishing. The 
castings should be buffed, degreased 
and thoroughly cleaned. If a bright 
copper or nickel undercoat is used prior 
to the final chromium plate the inter- 
mediate polishing, cleaning and rerack- 
ing steps are eliminated. 


Seamless molybdenum tubing now being 
produced in commercial quantities, is 
made in sizes from 0.040 to 0.50 
in. outside diameter, in lengths up to 
9 in. Other diameters are available 
for special specifications. This tubing 
can be machined easily, welded to iron, 
nickel and similar materials and can 
be worked and shaped within reason- 
able tolerances. 


Failure, in common engineering alloys, 
due to pitting or grain boundary attack 
may occur with little or no loss in 
total weight. H. D. Holler and R. A. 
Frye, in the Jan. 1947 issue of Cor- 
rosion, present data on the relative cor- 
rosion resistance of most of the com- 
mon alloys in rural, urban and marine 
atmosphere. 


Anodizing and black dyeing of small 
lots of different types of aluminum al- 
loys has been difficult to do in ordinary 
baths. Each alloy required a different 
bath temperature. A universal bath 
for such purposes has been developed 
and reduces the former troubles to a 
minimum. As described in the Feb. 
7, 1947, issue of Metal Industry, the 
anodizing bath contains 13 to 15 per- 
cent of sulfuric acid and operates at a 
temperature of 21 to 23 deg. C. This 
bath produces a hard, glossy surface 
which can be dyed in a solution con- 
taining nigrosene and metanil yellow. 


Small shops having little or no expe- 
rience in poring babbitt bearings still 
find it necessary to do so occasionally. 
Proper procedure to assure uniformly 
good bearings is outlined by K. T. 
MacGill in the Feb. 10, 1947, issue of 
Steel. For these individual jobs, new 
babbitt made from virgin metals should 
be used. The bearing shell and all the 
equipment should be cleaned and dried. 
A waste head should be provided to 
take care of shrinkage. Using the bab- 
bitt metal between 850 and 950 deg. F. 
the mold should be filled rapidly. 


Molybdenum shapes, until recently, 
have been made from metal powder 
by sintering at temperatures below the 
melting point. To reduce costs and to 
make available ductile molybdenum 


castings in sizes from 25 lb. or heavier, 
two methods were developed for the 
vacuum electrode melting of the metal. 
In the more economical method, as 
described by the developers, R. M. 
Parke and J. L. Ham, the sintered 
molybdenum powder, mixed with a 
small percentage of carbon to eliminate 
oxides, is one electrode and a water- 
cooled copper mold the other. A low- 
potential alternating current electric arc 
melts the metal which then collects and 
solidifies in the copper mold. Ductile 
molybdenum castings are now used for 
some parts in heat engines. 


Bicycle frames, long made of tubular 
construction, have been changed to 
meet increased production schedules. 
Made by an aviation corporation that 
gained considerable skill in light metals 
during the war, this different type of 
frame is made from solid, die-cast 
magnesium. Aside from ease of con- 
struction these frames maintain high 
strength characteristics and are light in 
weight. 


Tubular aluminum cores for radiators 
may be dip-soldered according to the 
Office of Technical Services Bulletin 
PB-36637. This method was developed 
by the German Air Research Ministry 
during the war and uses a zinc-cadmium 
eutectic solder containing an iron in- 
terlayer. Radiators fabricated with this 
tvpe of solder are said to be resistant 
to corrosion by water. 


Pinhole porosity is the commonest type 
found in aluminum alloys. It is caused 
almost entirely by hydrogen which dis- 
in the molten metal at about 
1,100 deg. F. and is then forced out 
as the liquid cools. The hydrogen is 
frequently picked up from reducing 
gases from the oil or gas used to melt 
the metal. To remedy this condition, 
H. Brown. Light Metal Age, Jan. 1947, 
recommends the use of solid fluxes such 
as the chlorides, fluorides, or a com- 
bination of the two. Gaseous fluxes 
containing water-free nitrogen or chlo- 
rine are the most effective. These gases 
must be introduced at a temperature 
above 1300 deg. F. for best results. 


solves 


The automobile industry, limited to 
standard practices during the war, is 
coming forth with new ideas, many of 
which stem from wartime experience. 
One of the more interesting techniques 
is to be found in the use of a cast 
aluminum cylinder block for the hori- 
zontal engine of the Tucker '48. As 
mentioned in Steel, March 10, 1947, 
the cylinder holes are bored and then 
coated with an aluminum bronze to 
form the cylinder walls. The bronze 
is applied by a metallizing process. 
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and processing of steels. 


Basic Requirements of Materials 
For Induction Hardening 


RUSSELL H. LAUDERDALE 


Metallurgist, Northern Ordnance, Inc. 


Key factors for obtaining best results from induction hardening including selection 


Power requirements, 


desirable 








initial microstructure, 


size and shape of parts, carbon content of steel, control of dimensional changes, 


FIVE basic requirements for the sat- 
isfactory use of induction hardening 
considered in all surface 
They are: 

I. Available power must be related 


must be 


hardening applications. 


to the size and shape of the part so 
that | the particular surface can be 
quickly heated to hardening tempera- 
ture without overheating any portion 
of the surface. 

2. The 


the steel should allow rapid response 


initial microstructure of 


to the high rate of heating (sometimes 
1,000 deg. F. 
and relatively short time at the hard- 


more than per sec.) 
ening temperature. 

3. The size and shape of the part 
rapid and uniform 


should permit 


quenching, usually by a water spray. 

4. The steel must contain enough 
carbon to enable development of a 
hardness value slightly higher than 
specified. 

5. The initial stress condition of 
the part must be known to control 
and predict dimensional changes :« 


curately. 
Power Requirements 


In analyzing power requirements 
two basic questions are: Considering 
the shape or design of the part, should 
the entire surface be heated and 
quenched in one operation or should 
the surface be heated and quenched 
progressively ? How much 9,600 cycle 
power will be required to do the 
work? The final answers may have 
to be determined experimentally, but 
the following general discussion may 
be helpful. 


‘Yo surface harden satisfactorily at 
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and proper processing of parts are among the topics explained and discussed. 


one time an area of a part, to a depth 
of 0.125 in., usually requires at least 
2.5 kw. per sq. in. of heated surface. 
For progressive hardening to the 
same depth a minimum of 5 kw. per 
sq. in. of heated surface is required. 
Any area of a part can be hardened 
progressively by proportioning the 
length and width of the heating band 
to suit the capacity of the machine. 
For example, using a heating band 
| in. wide, a 150 kw. machine can 
progressively. surface harden the cir- 
cumference of cvlindrical parts up to 
9 in. in diameter, or flat surfaces that 
are 30 in. wide. 

The outstanding advantages of in- 
providing scale 


duction heating in 


free and comparatively distortionless 





Table I—Typical Examples of Single 
Shot Induction Hardening 


Servo Helical 

Part Valve Pinion 
Dia., in 0.750 35.5 
Width, in 0.375 | 40 
\rea, sq. in i 0.88 | 69 
BL I 20 | 140 
Kw. per sq. in. 23 | 2 
Heating time, sec i 1.0 | 30 

| 





Table lI—Typical Examples of 
Progressive Induction Hardening 


| 
ka i 

Piston | Stroking 
| 


art Rod Piston 
Didi im... cssccseoeed 0.125 | €8 
oo. ee 3 2.9 2.5 
HN Loss sos T 60 100 
Kw. per sq. in....... 17 8 








hardening are realized only by using 
sufficient power to obtain rapid heat- 
ing and quenching cycles. Heat trans 
fer by conduction to the inner layers 
of steel and to the surrounding atmos- 
phere is an important consideration. 
For instance, in hardening the sur- 
face of a 34 in. dia. part where the 
ratio of the area of the 4% in. heated 
outer layer to the area of the remain- 
ing core is low, the surface must be 
heated and quenched within several 
seconds to prevent through harden- 
ing. But a 30 sec. total heating time 
on a 6 in. dia. bar does not appreci- 
ably heat the core beyond the % in. 
hardened outer layer. Thus, small 
parts, require relatively high power 
concentrations and extremely short 
heating times whereas for large parts 
the opposite relationship can be used. 
With 9,600 cvcle power, it is imprac 
tical to specify case depth on parts 
smaller than 0.375 in. dia., since below 
that through heating results. 

‘The examples in Tables I and I! 
show the relationship between powe! 
density and size of part for single 
shot and progressive hardening. The 
valve and helical pinion of 
‘Table I are shown in Figs. 1 and 2. 
The piston rod and stroking piston 
of Table II are shown in Figs. 3 
and 4, 


Because high power is required to 


servo 


produce rapid heating, currents as 
high as 3,000 amp. are induced in 
the surface of the part being heated. 
Any discontinuity in the surface, such 
as a deep keyway or drilled hole ot 
appreciable size, concentrates high 
current around the edges of the dis- 
continuity causing excessive overheat- 
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3 in. 


Fig. |—Macroetching of a cross-section of servo 
valve showing a full hardness case 0.05 in. deep 
developed by one second heating of single shot 
hardening method. Table | gives data for valve. 


Fig. 2—Hardness pattern of 5.5 in. dia. helical 
pinion induction hardened by single shot processes. 


Fig. 3—Macroetching of a cross-section of a piston 
rod showing the extent of the hardened area, ob- 
tained by progressive hardening. Note soft core. 


Motor driven 
adjustable feed 
for piece being 
hardened 


ing at these points. A piece of coppe! 
ftted into the discontinuity will some 
times prevent uneven heating. 
Induction heating of internal sur 
taces with 9,600 cycle power requires 
mu. concentrations 


higher power 


than those required for external sur- 
taces because of the relatively low effi- 
iency of heating a surface that lies 
outside of the induction coil or loop. 
Internal less than 1 in. 
eter cannot be successfully induc- 

irdened with 9,600 cycle cur- 


surfaces of 
dia: 


tion 
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guench 
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Fig. 4—Progressive induction hardening of a stroking piston made of plain carbon steel with 0.95 percent car- 
bon. Piece moves left to right 15.6 in. per min., is quenched as shown. Hardness produced is 64 to 65 Rockwell C. 


rent because of the characteristics of 
this frequency and the physical limi- 
tations on size ot heating coil. 


Initial Microstructure 


‘The second important requirement 
the the 
steel prior to the induction hardening 


concerns microstructure of 
operation. Since the usual time at the 


hardening temperature is a tew sec- 
onds or less, the microstructure must 


be such that the carbon in the steel 









Hard case 


Relatively soft 
tough core 


into solution almost instanta- 
neously to form an elevated tempera- 
ture structure called that 
on quenching forms a hard structure 
called martensite. 

Parts 
stock or forgings often have a coarse, 
non-uniform "These 
do not respond to the short cycle heat 
ing and with extreme conditions ma) 
require as long as 15 sec. at tempera- 
ture to form austenite. To hold down 
the case depth, particularly on smaller 


DOCS 


austenite 


made from hot rolled bii: 


microstructure. 
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Table III—IiInfluence of Carbon Content 
on Hardness Obtained by Induction 








Heating 
| Carbon | Hardness, 
Type of Steel Con- | Rockwel[ 
tent, G 
percent 

SAE 1010.... 0.11 38 
SAE 100 ..... | 0.18 42 
SAE 4620..... | 0.23 48 
SAE 1020..... | 0.21 46 
SAE 8620...... 0.22 46 
SAE 1030....... 0.31 55 
SAE 1035...... 0.37 58 
BAR 3I. ees 0.34 56 
SAE 1040....... 0.38 59 
SAE 4640...... 0.42 62 
SAE 9440..... FN 0.40 60 
SAE 1020 Carburized - 68 
SAG 1005......... 0.37 56 
SAE 1045....... 0.42 63 
SAE 52100. . 1.00 68 
Drill Rod.... 1.18 68 
Carpenter No. 11 1.03 68 





parts, the part should have an initial 


heat-treatment, usually given after 
rough machining operations, to pro- 
vide a uniform fine structure. A rela- 
tively long heating cycle for forming 
austenite may result in surface scale 
formation, softening of the core from 
heat flow by conduction, and exces- 
sive distortion upon quenching. 

An initial heat-treatment usually 
consists of heating the part to the 
hardening temperature, quenching to 
full hardness, and then heating to an 
elevated temperature. ‘This treatment 
results in a structure suitable for in- 
duction hardening. It also gives the 
part an intermediate core hardness 
between 20 and 33 Rockwell C de- 


pending upon the selected tempering 


temperature for the specified core 
hardness. 
Some steels such as Carpenter 


No. 11 need no initial heat-treatment 
unless a certain core hardness is de- 
sired. These steels in the "as received 
condition" have a uniform fine struc- 
ture that is suitable for short induc- 
tion hardening cycles. The following 
general statements apply to specify- 
ing an initial heat-treatment and what 
steels will not need an initial heat- 
treatment. 

When to specify pre-treatment: 

1. If the part is small and a thin 
case is desired. 

2. If control of distortion is critical, 
as in precision gears and shafting. 

3. If the part is finish machined 
before hardening. 

4. If core hardness greater than 
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that expected in the “‘as received con- 
dition” is desired. 

5. If a thin case is desired having 
maximum surface hardness. 

When pre-treatment is unnecessary : 

|l. If no particular core hardness 
is needed. 

2. If tool steels such as Carpenter 
No. 11 or Stentor are used. 

3. If the part is of such design 
that longer heating cycles with re- 
sultant surface scaling, deep harden- 
ing, and some distortion is not ob- 
Jectionable. 


Quenching 


The third requirement deals with 
the quenching of induction heated 
parts. In the usual method of pro- 
gressively quenching with water, the 
spray quenches the heated band as 
the part is moved through the in- 
ductor, or the entire heated surface 
is sprayed automatically at one time 
through orifices built as an integral 
part of the inductor. Well water at 
about 50 deg. F. and 10 to 20 Ib. 
per sq. in. is satisfactory. Warm water 
is useful for special applications. Oil 
quenching can be used, but then the 
heated part is usually withdrawn 
manually from the heating coil and 
submerged in a tank of circulating 
oil. Automatic water quenching is 
preferable because of the relative ease 
of application and control. 

Some parts are of such design that 
it is impracticable to water quench 
them in the usual way. For ex- 
ample, when surface hardening square 
threads in a long lead screw it is dif- 
ficult to quench in the usual manner. 








The water spray quench, if directed 
away from the inductor and at an 
angle of 25 deg. to the axis of the 
shaft, would strike the corners and 
root of the thread. This would pro- 
duce a non-uniform quenching action 
compared to the smooth sustained 
water flow on a smooth cylindrical 
surface. To obtain a thin case, the 
threads should be progressively heated 
and quenched at a rapid rate. Such 
a part could be handled successfully 
by heating the entire surface at once 
and quenching the piece in a tank 
of oil. But the depth of hardening 
would be greater than with the pro- 
gressive method. 

Most parts can be easily quenched, 
but quenching is a factor that should 
be always analyzed. 


Carbon Content and Hardness 


The fourth requirement is that the 
steel must contain enough carbon to 
permit development of a_ hardness 
value slightly higher than that speci- 
fied. This discussion on hardness 
versus carbon content applies only to 
small sections or surfaces that can 
be quenched at an extremely: rapid 
rate that will equal or exceed the 
critical cooling rate. The maximum 
hardness obtainable in steel is a func- 
tion of the carbon content alone and 
is not influenced by the presence of 
other alloying elements. For example, 
with the same carbon content SAE 
4640 (nickel-molybdenum) cannot be 
hardened to any higher hardness than 
can SAE 1040 (plain carbon). Basi- 
cally, the only reason for use of alloy- 
ing elements such as manganese, cliro- 
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Fig. 5—Relationship between carbon content of steel and hardness that is 


obtainable. Middle curve shows usual results; top curve shows ideal. 
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Asbestos lined soaking 
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in stee/ pipe 
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10§ turn 
induction 
coil 


Fig. 6—High speed continuous through hardening of roller bearings. Bearings loaded into hopper, progress through 
inductor and soaking chamber, drop into quench tank, and are removed from tank by endless belt at the right. 


mium, nickel, and molybdenum, is to 
permit use of a lower quenching rate, 
which in turn permits deep or through 
hardening of larger sections. 

For a surface hardness not to ex- 
ceed 0.125 in. plain carbon 
steels are best for induction harden- 
ing applications unless large sections 


deep, 


are being surface hardened and ap- 
preciable core strength is required. 
An important fact that many design- 
ers fail to realize is that plain carbon 
and alloy steels have identical tensile 
properties when fully hardened and 
Plain 


carbon steels are lower in cost and 


tempered to the same hardness. 


easier to machine than alloy steels. 
An interesting example of carbon 
versus alloy steel would be a 1 in. 
dia. drive shaft requiring a combina- 
tion of a tough core and a hard wear 
resistant Handbook data 


shows that a V5 in. dia. bar is about 


surtace. 


the largest diameter in a plain carbon 
steel that through harden by 
conventional furnace practice. In the 


steel was 


will 


past, a low carbon allo 


ised to develop a through hardness 
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of intermediate value followed by 
carburizing to develop a high surface 
hardness. By induction hardening a 
plain carbon steel such as SAE 1045 
can be surface hardened from 60 to 
65 Rockwell C and if 


be essentially through hardened up 


desired, can 


to 1 in. dia. Thus by using a plain 


carbon steel the premium 


alloy 


the cost and time required for car- 


price ot 
steel can be saved as well as 


burizing. In addition, the usual 
straightening and cleaning operations 
required after carburizing are not 
necessary. 

Since most shafts are stressed chiefly 
in torsion and bending, resulting in 
low stresses at the center, the hard- 
shell of the 
is the primary factor rather than the 


If the shaft 


ness of the outer core 
hardness of the center. 
stressed in torsion 
stock 
hardness 175 to 200 


Is not too highly 
and bending, hot rolled bar 
(as received 


Brinell) 


induction is 


hardened by 

satisfactory. If higher 

(250 to 350 Brinell) 
| 


is desired, bar stock can be purchased 


when surface 


core hardness 


heat-treated to the desired hardness 
and then surface hardened by induc- 
tion. Or, the first 
through hardened by induction heat- 
ing to the desired core hardness and 


then followed by a second induction 


stock can be 


hardening to give the hard case de- 
sired. 

The relationship between carbon 
content and hardness is shown in Fig. 
5. The top curve shows the hardness 
obtainable under ideal conditions that 
The 


middle curve shows the hardness that 


are rarely obtained in practice. 


can be expected from ordinary induc 


tion hardening. The bottom curve 


shows the surface hardness that can 


be expected on furnace hardened 
steels. 

The data in Table III show how 
closely the maximum hardness is de 
pendent on carbon content and not 
the alloy ‘The 


values 


content. hardness 


given are those obtained as 


the part comes from the induction 


hardening machine. Since it is de- 
induc 


tion hardened parts, the final hardness 


sirable to stress relieve most 
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D 
Table IV—Some Examples of Dimensional Changes Resulting from 
Induction Hardening 





Type of | Shaft 





























| | 
Total Length | Key- | Prior Maximum | Average 
Steel Dia., | Length, | Hardened,| ways | Stresses Run-out, | Run-out, 
in. in. in. | in. in. 
SAE 4640 | 0.762 | 101 10} | one As machined 0.013 0.010 
SAE 4620 | 0.762 103 103 | one Straightened 0.040 0.020 
carb. | | after carb. 
SAE 1045 | 1.020 11} 11 | one As machined 0.009 0.006 
SAE 1020 | 1.020 114 11 one | Straightened 0.020 0.011 
carb. | after carb. | 
Drill rod 1.125 30 | 30 none As machined 0.050 0.019 
Drill rod 1.125 30 30 none Stress relieved 0.020 0.011 
| at 1,175 deg. F. 
SAE 4640 | 1.250 | 124 6 Six Finish 0.020 0.0005 
spline* machined Uo 
Carpenter | 4.000 36 28 none Stress relieved 0.0015 0.0003 
No. 11 at 1,175 deg.F. 
| 
* Dia. increase 0.0005 to 0.0008 in. 
after stress relieving will be 1 to 4 magnifies any dimensional changes 


points less than the values given. 
The results obtained on the two 
samples of SAE 1045 are especially 
significant. Although the two sam- 
ples, from different lots of commercial 
steel, had a carbon content within 
the allowable range for SAE 1045, 
a difference in hardness of 7 points 
Rockwell C was obtained because of 
the small difference in carbon con- 
tent. Therefore, every batch of SAE 
1045 steel, for example, may not 
harden to 58-62 Rockwell C, although 
experience shows that hardness values 
over 60 Rockwell C are usually read- 
If a part having an 
intermediate surface hardness, is re- 


ily developed. 


quired, a 0.20 to 0.30 percent carbon 
steel, for example, could be used to 
develop a hardness in the range 40-55 


Rockwell C. 
Residual Stresses 


The final basic requirement for sat- 
isfactory application of the induction 
surface hardening process concerns 
residual Residual stresses 
are extremely important when design- 
ing and processing parts where dimen- 
sional changes produced by heat- treat- 
ment are critical. 

Even piece of steel is 
heated above room temperature, for 
example to 225 deg. F., dimensional 
changes occur from the shifting or 
elimination of the residual stresses 
developed during prior machining or 
fabricating operations. 

Induction hardening, because of 
the extremely fast heating rate used, 


Stresses. 


when a 
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that would naturally occur as a re- 
sult of residual stresses in the piece. 
Therefore, the processing of parts 
that are induction hardened as the 
last operation should include suitable 
stress relieving operations if the final 
dimensions are critical. 

Several examples of dimensional 
changes resulting from induction hard- 
ening are given in Table IV. Another 
example follows: After induction sur- 
face hardening 3 ft. piston rods of 
1% in dia., rough turned from 1% 
in. dia. stock, they sometimes showed 
as much as 0.050 in. run-out be- 
tween centers. Since there were no 
keyways or abrupt changes in the 
section that might logically cause this 
much run-out, it was apparent that 
machining stresses were causing the 
trouble. In a new procedure, after 
machining to 1% in. dia., the shafts 
were suspended in a vertical draw 
furnace and stress relieved for sev- 
eral hours at 1,175 deg. F. and then 
induction hardened. The resulting 
maximum run-out was 0.020 in., so 
that most of the shafts would clean 





Table V—Relationship of Bore 
Shrinkage to the Bore Diameter and 
Size of Gears 














ma 


Gear, in. Dia., in Shrinkage, in. 
14 3.00 0.003 
10 | 2.00 0.002-0.0025 
S | 1.25 0.001 
3 | 1.00 0.001 
1.12 0.75 | 0.0002 





‘pensated by a 1,175 deg. F. stress 


up in the grinding operation that fol- 
lowed the hardening process. 

The data in Table IV show that 
shafts made from medium carbon bar 
stock, that are not carburized prior 
to induction hardening give much less 
distortion in induction hardening es- 
pecially in the small diameters. Dur- 
ing the carburizing process, shafts 
of any appreciable length become dis- 
torted in varying degrees. When 
these shafts are subsequently straight- 
ened, an unbalanced stress condition 
is developed that causes the shaft 
to distort badly on subsequent rapid 
heating. Therefore, it is desirable to 
avoid the use of carburized shafts 
wherever feasible, particularly in the 
smaller sizes and longer lengths. An 
important factor influencing distor- 
tion of shafts, and similar parts is the 
unbalanced stress condition created 
by the milling of a keyway or flat 
surface on only one side of a shaft. 
This condition can be partially com- 





relieving treatment, although the heat- 
ing and quenching of the non-sym- 
metrical surface will cause some dis- 
tortion. 

A big advantage of the induction 
hardening process is that with the 
proper hardening cycle established, as 
well as the processing prior to the 
hardening operation, the resulting di- 
mensional change will be the same 
for each and every duplicate part 
processed thereafter because of the 
automatic electric control of the heat- 
ing and quenching cycle. This ease 
of control and duplication of results 
makes it possible to allow for these 
dimensional changes in advance. Often 
further machining is not required to 
maintain close tolerances. 















Processing of Parts 






Proper processing of parts with 
reference to stress relieving opera 
tions prior to the final heat-treatment 
cannot be overemphasized, especial 
where no machining is performed 
after hardening. Even with the most 
uniform heating and quenching prac- 
tices employed, warping or unpredict 
able dimensional changes will occur 
if the part has residual unbalanced 
stresses before heat-treating. An ex 
ample of this condition was found in 
the manufacture of induction haré 
ened precision gears. These gears haé 
14 to 20 pitch teeth and no backlash 
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was allowable with mating gears. The 
first procedure used was to machine 
the gear blank, hob the teeth, shave 
the teeth, and induction harden the 
teeth. The results were not too sat- 
isfactory individual teeth 
were distorted during heat-treatment 
and the gears would often show run- 
out at the pitch line. Some teeth 
swelled at the pitch line and others 
shrunk. The degree of uniformity 
was not good enough. After con- 
siderable investigation, the following 
order of processing was established. 


because 


1. The rough gear blanks of SAE 
1045 were heat-treated to 225-250 
Brinell, thus producing a uniform 
readily hardenable structure for in- 
duction hardening later. 

2. The blanks were machined and the 
teeth hobbed, leaving stock for shav- 
ing. 

3. The teeth 
lieved on the induction machine by 
heating to 1,400 deg. F. at the same 
rate of heating later used in the final 
operation. The teeth distorted as the 


gear were stress re- 


residual machining stresses were re- 
lieved. 

4. The teeth were shaved to correct 
any errors caused by distortion and 
to produce an accurate tooth form 
essentially free from residual stress. 
5. The gear teeth induction 
hardened using an automatic electri- 
cally controlled heating and quenching 
cycle. Incidentally, the hardening 
temperature was about 100 deg. F. 
less than formerly needed because of 
the easily hardenable structure de- 
veloped by the initial heat-treatment. 


were 


Dimensional Changes in Gears 


In general dimensional changes 
such as given in Table V can be 
expected when induction hardening 
gears. 

1. On gears of 3 to 14 in. dia. the 
bore shrinks approximately 0.001 in. 
per in. of bore diameter. This shrink- 
age seems to occur regardless of the 
type of quench employed and is the 


result of high compressive stresses de- 


veloped by the heating of the outer 
shell orly. 

2. On smaller diameter gears, there 
is less tendency for the bore to shrink. 
3. The bore shrinkage is somewhat 
dependent upon the rate of heating 
employed, which in turn is selected 
to give the specified depth of harden- 
ing. In general, the higher rates of 
heating tend to produce more bore 
shrinkage. 

Shrinkage at the pitch diameter is 
not easy to predict; it is affected by 
the tooth form, size of tooth, type of 
steel and type of quench employed. 
Pressure quenching by cold 
spray seems to give the most shrink- 
age, 0.001 to 0.0025 in. per in. of 
pitch diameter as measured by pin 
method. Oil bath quenching gives 
the least shrinkage (plus 0.0005 to 
minus 0.0005 in.). Proper pre-treat- 
ment and tooth stress relieving maj 
reduce the pitch diameter shrinkage 
to a negligible value and permits the 
production of more precise gears, es- 
pecially those of small pitch. 


water 





Case Histories In Patent Law 


‘Eprror’s Nore: These explanations 
of the law in specific patent cases are 
not intended-to supplant the services 
of a patent attorney, whose accurate 
advice is necessary to handle individ- 
ual patent problems. The purpose of 
these explanations is to give a better 
general understanding of patent law. | 


NO. 9 
QUESTION: Does a new and use- 


ful function performed by a combina- 
tion of parts in itself make that com- 
ination patentable? 


ANSWER: The Supreme Court has 
answered this question in the negative 
in Cuno Corp. v. Automatic Devices 
Corp., 314 U.S. 84. The subject of 
the litigation was an ignitor for a 
cigar or cigarette on the dashboard 
of an automobile. Prior to the ad- 
vent of the patent in suit all lighters 
had been of the so-called cord type 


with a reel and a button for closing 
the circuit. 
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The patent in suit was the first of 
the so-called "wireless" or “cordless” 
lighters. It eliminated the cables and 
the mechanism for winding and un- 
winding them and had provided for 
heating the ignited unit without re- 
moving it from its socket. It elimi- 
nated all the electrical mechanical 
connections of the ignitor unit with 
the socket once it was removed there- 
from for use. 

In the Morris device the circuit 
was open when the plug rested in the 
socket and was closed when the plug 
was pushed further back in the socket 
against the resistance of a spring. To 
this device another patentee added a 
thermostatic control responsive to the 
temperature of the heating coil and 
it automatically returned the plug to 
its off position after the heating coil 
had reached the proper temperature. 

The invention in question rested 
upon whether or not the incorpora- 
tion of an old thermostatic control 
in a wireless or cordless lighter was 


an invention or discovery within the 
meaning of the patent law. “More,” 
said the Supreme Court, “‘must be 
done than to utilize the skill of the 
art in bringing old tools into new 
combinations.” 

The court conceded that the func- 
tions performed by the patent were 
new and useful but that in itself did 
not make the device patentable. But 
there must also be an invention or 
discovery in order to come within the 
patent laws and rise to the dignity 
of a patentable invention. Ingenuity 
or perfection of workmanship or 
adaptation of a combination of old 
and well-known devices to new uses 
would not be invention. 

And then the Supreme Court an- 
nounced a new test of invention by 
saying: “. . . . the new device, how- 
ever useful it may be, must reveal 
the flash of creative genius, not merely 
the skill of the calling. If it fails, it 
has not established its right to a pri- 
vate grant on the public domain.” 
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——Typical Applications of the Bellows 


The bellows unit is finding increased Application in the field of tempera- 
ture and pressure control. Made of high quality materials by good manu- 
facturing techniques, the bellows unit will give accurate results. Below are 
shown many of the basic designs of bellows, and some of their applications. 
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LEAD BASE BABBITT ALLOYS —1 


Physical and Corrosion Properties 









HENRY P. GEORGE 
Metallurgist, Frankford Arsenal 








Mechanical and corrosion properties of ten typical lead base babbitt alloys are 
compared to those of a standard tin-base alloy. Values of hardness, compressive 






strength, resistance to distortion under impact and creep resistance are given. 





Typical microstructures are shown. Corrosion rates in acidified oil are listed. 








SHORTAGES of tin caused by the 
curtailment of imports during the war 
forced users of tin-base babbitt bear- 


Table I—Nominal Compositions of Bearing Alloys 



















ings to substitute lead base babbitts Identifying 

that were more available. To furnish Alloy Characteristics Pb Sn Sb Cu As Others 

information on which to base sub- 

stitutions, comprehensive comparative A ARTSA 099-35 #2 bal FE. SEM ——ue — exa 

i 4 (SAE 10) 

tests were run on a number of lead B | ASTM B23-26 #7 bal 10 15 0.5 max 0.2max  ...... 

base bearing alloys that had been de- (SAE 14) 

veloped prior to the war. ‘These E ASTM B23-26 #9 bal 5 10 Os max 02mm  .. 

tests h d ti t . td f f D ASTM B23-26 #10 bal 2 15 0.2 MAX X 3...oo —— occovc 
ests showe at in the form o E D + 5% Ag bal 2 IB DBs ee Ag-5 

babbitt layer 0.005 in. or less in thick- ` Contains As bal EN 4 ONS E 
- » le a -— — G Contains As bal 1 15 0.5 E. aos 

ness the lead base alloys have better f] | Colloidal Graphite | bal 10 i L5 0.5 Cd 0.5 

fatigue properties than the tin base C 02 

alloy but that the tin base material I *Alkaline Earth bal EE. eo dens mI 

appears to have better physical prop- | | Contains As,Cd | bal Il 10 2 Cd 0.75 

erties in thicker layers. The coefh- K | *Contains As, Cd bal 8.5 8 0.75 Cd 0.75 





cients of friction, corrosion resistance. 5 0 0 0 5 00 0 0 0 
and creep resistance of the two mate- — * Actual analysis—No nominal composition available. 
rials are similar. The presence of 
arsenic appears to increase the fatigue 
strength of the lead base babbitts. 
The ten lead base alloys, the anal- 












Table !1—Fundamental Properties of Lead Base Bearing Alloys 









Coef. of |Corrosionby| Loss in weight 











yses of which are given in Table I, Liquidus Solidus friction | unagitated circulated Specific 
: : ^ Alloy | temperature, | temperature, | against oil, 6 wks. acidic oil, gravity at 

were selected for testing since they are deg. F. deg. F. steel at 300 5 hrs. at 325. | 25 deg. C. 

representative of the compositions that | deg. F. | deg. F. grams 

have been proposed for use in babbitted ^ | TE. A ee DON a 

bearings. Alloy (A), a tin base, Class A 675 456 0.15 Nil | 0.01 7.28 

2 alloy was used as a reference mate- R | = = 2m a- : 2 oa 

rial. Alloy (K) was not completely D 610 476 0.16 Nil 0.00 10.08 

tested because in preliminary tests E 682 428 0.12 Nil 0.00 10. 1? 

alloy (J) was shown to be similar. 4 ons | = : E - : = Z2 
Typical microstructures of speci- H 570 | 461 0.15 Nil | 0.01 9.56 

mens cut from castings approximately I = | pen} : n a | : ro T 

one inch in diameter are shown in Fig. I cs | 450 2 tois | 

l. All but alloy (I) have a duplex | | "m 






structure with hard intermetallic com- 
pounds and softer phases clearly evi- 











dent in the photomicrographs. Fine 
graphitic carbon was found in alloy 
(H) by micrographic examination at 
high magnifications, but is not visible 

The data given in this article are those of the 


author and are not to be construed as official data 
released by the United States War Department. 
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at 100X. Alloy (1) contains alkaline 
earth elements that form minute sub- 
microscopic particles of Pb.Ca and 
Na:Pb dispersed in a solid solution 
matrix. 

The fundamental properties of the 
lead base bearing alloys are given in 
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Table II. The liquidus temperature 
of these alloys, above which they are 
completely liquid, range from 54 
deg. F. for alloy (G) to 699 deg. F. 
for alloy (J). The liquidus tempera 
ture affects the practice by which the 
alloys are cast but has no direct influ- 
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Fig. 1—Typical microstructures of lead base babbitt allo 


ys, 100X Magnification. (A) Alloy A. Etch; ammonium 


molybdate. (B) Alloy B. Etch; 3 acetic acid --1 superoxyl. (C) Alloy F. EÉtch; 3 acetic acid -.-| superoxyl. (D) Alloy 


J. Etch; 3 acetic acid +1 superoxyl. 








Specimen.. : N 


FIG. 2 









‘-Electric heater 


Pressure gage, i 


Therrnocoup/e 
i 





FIG.3 
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Fig. 2—Apparatus used for the determination of coefficients of friction. The 4 in. dia. steel disk was rotated at 1/20 
rp.m. Fig. 3—Apparatus designed by A. E. Underwood for determining the corrosion rates of bearing materials 
at elevated temperatures. This device causes more severe corrosion than simple immersion tests. 


ence on their properties and perform- 
ance, 

The solidus temperatures of all the 
lead base alloys except alloy (E) are 
higher than that of the tin base alloy 
(A). This temperature, above which 
some phases of the alloy start to melt, 
represents the possible highest tem- 
perature at which the alloys can be 
used. 

There is no significant difference 
in the coefficients of friction of the 
ten alloys. These coefficients were de- 
termined at high unit pressures in a 
machine such as shown diagrammati- 
cally in Fig. 2. The 4 in. dia. steel 
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disk was rotated at 1/20 r.p.m. The 
bearing alloy was machined into the 
form of a flat cone, 
Socony Vacuum-EF-411 oil, removed, 
permitted to drain, and then held 
against the disk by a load of 50 lb. 
The frictional force, from which the 
coefficient of friction was calculated, 
was measured in the direction of 
travel. 

No significant change in weight or 
visible evidence of corrosion was 
noted in any of the alloys after im- 
mersion at 300 deg. F. for 6 weeks 
in unagitated oil, Grade 98, U.S. 
Army Specification 2-91A. Babbitt- 


immersed in 


lined steel bearing halves, similar to 
those used in General Motors truck 
engine connecting rods, were tested 
in the machine shown in Fig. 3. In 
these tests a stream of Socony Vac- 
uum oil, EF-411 at 325 deg. F. that 
had been partially oxidized and made 
more acid by the addition of 1 per- 
cent of oleic acid, was directed on a 
portion of the babbitt surface so that 
the oil flowed over the remainder of 
the bearing. The losses in weight that 
occurred during a 5 hr. test are re- 
corded in Table II. Only alloy (1) 
showed evidences of corrosion. Al- 
though its weight loss was slight, 
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visual examination showed a number 
of pin point corroded areas in the 
region where the oil stream impinged 
on the surface. Cadmium-silver alloy 
blanks lose approximately 2.5 grams 
under these test conditions. 


Mechanical Properties 


The Brinell hardnesses of these al- 
loys at room temperature and at 250 
deg. F. 


Brinell impressions for the 


are given in Table III. The 
250 deg. 
F. values were made while the speci- 
mens were immersed in an oil bath. 
Several of the lead base alloys are 
softer at room temperatures than the 
tin base reference alloy, although at 
250 deg. F. only alloys (B), (C) 
and (D) are softer than the tin base 
alloy. 

Values of compressive yield strength 
and of ultimate compressive strength 
are given in Table III. The values 
in Table III were determined on 
specimens machined from | in. dia. 
cast bars. A universal test machine, 
with a head travel rate of less than 
0.05 percent per min., 

[n another test, specimens of 0.225 
and 0.4 in. long, machined 
from l in. dia. cast bars were tested 
in a “drop test impact machine.” A 
load of 500 grams (1.10 1b.) was 


was used. 


in. dia. 


dropped on each specimen from a 
height of 1 meter (39.4 in.) striking 
with an energy of 3.62 ft. lb. or 9.1 


Specimen 





Fig. 4—Testing machine with fixture 
for determining the creep rates of the 
bearing alloys. 
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Fig. 5—Rate of contraction of specimens during compressive creep test. 
Table I!1—Brinell Hardness and Semyresstne oen © of Babbitt — 
Brinell hardnesses determined with 500 kg. load applied for 10 sec. to 10 mm. ball. 
Compressive yield strength defined as stress producing a 0.125 percent reduction in length. 
Ultimate compressive — defined as stress producing a 25 percent reduction in length 
Brinell hardness, Brinell hardness, Compressive | Ultimate 
Alloy | room 250 deg. F. yield strength, compressive 
temperature lb. per sq. in. strength, lb. 
| per sq. in. 
E | = pens om ae a 
A | 22 | 1 7,60 — | 15,800 
B 25 | 10 8,100 | 17 ,600 
C 17 | 8 | 5,100 14,400 
D 16 | 8.5 | 4,500 | 13,000 
E 20 | 1 5:900 | 15,000 | 
F 21 11 8,100 18,800 
G 19 | 11.5 5,100 14,100 ; 
H 27 | 12 | 6,900 | 17,100 f 
I 21 11 3,800 17,100 
J 25 | 15 8,800 17,300 
K 22 11 7,600 12,700 l 
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ft. lb. per sq. in. of cross-section of 
specimen. After the first blow the 
length was measured and then blows 
were repeated until visible cracking 
occurred. 

The total changes in length of the 
specimens upon impact and the num- 
ber of blows required to cause crack- 
ing are listed in Table IV. All of 
the lead base alloys were deformed to 
a greater extent than the tin base 
alloy by the same number of impacts. 
All of the alloys except (I) and (]) 
were cracked more readily than refer- 
ence alloy (A). All of the alloys ex- 











Table IV—Dynamic Compression 
Test Results on Babbitt Alloys 
Blows Maximum 
Alloy to cause reduction 
cracking in length, % 
A 9 51.25 
B T 53.00 
C 8 49.25 
D 8 62.50 
E 5 45.75 
F 5 53.75 
G 6 60.25 
H | 3 | 22.50 
I 22 | 84.25 
J 11 59.50 
K 5 48.00 








Table V—Distortion of Babbitt 
Lining Under Impact 


Time and blows required to produce 0.005 
in. distortion of bore under impact loading. 








\lloy Time, (min.) Blows 
A 12.0 18,000 
B 8.0 12,000 
C 7.0 | 10,500 
D 7.0 10,500 
F 5.0 7,500 
F j 2.0 | 3,000 
G | 2.0 | 3,000 
H | 7.5 11,250 
I 4.0 | 6,000 
J | 7.5 | 11,250 
K | 7.0 10,500 


cept (H) and (1) were substantially 
equal to the tin base alloy in the total 
reduction. 

To determine the resistance to dis- 
tortion of linings under impact, each 
babbitt alloy was cast inside a steel 
shell 1 1/16 in. I.D. by 1 in. long 
and then machined to a 1 in. I.D. 
leaving a babbitt lining 1/32 in. thick. 
These bushing sections were press 
fitted into a housing block and the as- 
sembly inserted in a slotted fixture 
with enough clearance to permit a 
slight vertical movement. A pin with 
normal running clearance was passed 
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Table Vi—Creep of Bearing Alloys Under Compression 


72 deg. F.—Load of 3,000 kg. 


per sq. 1n. 


Specimen No. Creep rate after 


Total Creep 


212 deg. F.—Load of 1,300 kg. 
per sq. in 


Creep rate after Total creep 








establishment at in 8 hours, establishment of in 8 hours, 
steady flow, in. in. per in. steady flow, in. in. per in. 
per in. per hr. per in. per hr. 

A-1 (Tin Base) 0 0003 0.0098 0.0007 0 0130 
A-2 (Tin Base) 0 0006 0.0116 0.0008 0.0132 
B-1 0 0002 0.0104 0.0004 0.0117 
B-2 0 0002 0.0069 0 0006 0.0122 
C-1 0 0010 0.021 | 0.0008 0.019 

C-2 0 0011 0.023 | 0 0008 0.020 

D-1 0 0005 0021 | 0 0004 0.0158 
D-2 0 0006 0.020 | 0 0006 0.0128 
E-1 0 0002 0.0085 | 0 0003 0 0111 
E-2 0.0002 0.0088 | 0 0005 0 0098 
F-1 0 0001 0.0081 | 0 0001 0 0079 
F-2 0.0001 0 0085 | 0.0001 0 0089 
G-1 0 0001 0.0070 | 0.0003 0.0092 
G-3 0 0001 0.0057 | 0 0001 0.0090 
H-1 | 0 0003 0.0093 | 0 0007 0.0153 
H-2 0 0002 0.0097 | 0 0011 0.0137 
I-1 0 0003 0.0093 0 0001 0 0038 
[-2 0 0002 0.00905 | 0 0001 0.0093 
[-1 0.0002 0.0075 | 0 0007 0.0064 
J-2 0 0002 0.0080 | 0.0003 0.0092 
K-1 0.0003 0.0076 0.0004 0 0080 
K-2 0 0002 0.0088 | 0.0004 0.0098 


through a hole in each side of the fix- 
ture and through the bushing. Impact 
loads were applied to the housing of 
the bushing with a 25 pound air ham- 
mer operating at 1500 cycles per min. 
The test was interrupted after each 30 
seconds of operation and the enlarged 
bearing diameter was measured. The 
lengths of time and numbers of blows 
required to produce a 0.005 in. en- 
largement of the diameters are re- 
corded in Table V. All the lead base 
alloys distorted more readily than the 
reference alloy. 

The creep resistance of the alloys 
at room temperature was determined 
on specimens machined from 1 in. dia. 
cast rods by applying a load of 1500 
kg. with the hydraulic hardness test- 
ing machine shown in Fig. 4. Piece 
(F) is a cap with a spherical seat to 
accommodate a 10 mm. steel ball used 
in hardness tests. Part (K), a dial 
gage with a sensitivity of 0.0001 in. 
was used to record the relative move- 
ment of the plunger with reference to 
the base platen. The load was applied 
and released twice before setting the 
dial gage at zero. The load was main- 
tained for 8 hours while periodic 
dial gage recorded. 
Creep resistance at 212 deg. F. 


readings were 
was 
determined by immersing the testing 
fixture in an oil bath maintained at 
212 + 3 deg. F. and applying a 640 
kg. load. 


After the initial rapid deformation, 


the rate of contraction decreased until 
a stage was reached in which contrac- 
tion was proportional to time. ‘The 
creep rates listed in Table VI were 
determined during the last two hours 
of the 8 hour test and are representa- 
tive of steady flow conditions. Table 
VI also gives total creep for 8 hours. 
Most of the lead base alloys show 
equal or lower creep than the tin base 
alloy at room temperature, although 
alloys (C) and (D) showed higher 
creep. At 212 deg. F. (C), 
(D) and (H) show more creep than 
the reference alloy. 

Typical curves of the rate of con- 
traction of the specimens under load 
are shown in Fig. 5. Because the con- 
traction rates of duplicate specimens 
during the first 10 min. were fre- 
quently different, the deformation- 
time curves were plotted from a com- 
mon origin on the 10 min. abscissa. 
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ANODIZING OF MAGNESIUM ALLOYS 


For Protection and Appearance 


GEORGE BLACK 


Relatively new electrolytic process forms protective and decorative mag- 


nesium-oxide-silicate film on alloys of magnesium. Selection of a.c. or d.c. process, 


and the effect of film on corrosion, mechanical properties, dielectric strength, 
and alkalinity are among the significant factors explained and discussed. 


ONE of the difficulties in 
using the inherent design possibilities 
of magnesium was the inability to 
protect it satisfactorily from corrosion. 
Previously, all of the finishing proc- 
esses required so many protective paint 
coats that much of the weight saved 
Re- 
cently, engineers at the Fort Worth 
Division of Consolidated Vultee Air- 
craft developed a successful method 


major 


by using magnesium was lost. 


of anodizing magnesium alloys. 

This relatively new process for the 
surface treatment of magnesium alloys 
is known as Manodyz and is licensed 
by the Hanson-Van Winkle-Munning 
Company of New Jersey. This elec- 
trolytic process produces a protective 
and decorative magnesium-oxide sili- 
cate film on the alloys of magnesium. 
The coating is applied in a strong 
alkaline solution at elevated tempera- 
tures, under the influence of from 4 
to 6 volts. 


Proper application of the coatings 


to a variety of work requires a mini- 
mum of six tanks as shown in Fig. 
1. From the viewpoint of speed, cost 
and results demonstrated, the new 
coating is especially promising for the 
recently improved magnesium alloys. 
Because of its decorative properties, 
which can be further enhanced by dye- 
ing to almost any color desired, it 
offers a wide application in the indus- 
trial, commercial and domestic fields. 
Since either low voltage d.c. or a.c. 
can be used for the process the manu- 
facturer often has much of the elec- 
trical equipment already available. 
Installation costs are therefore usually 
a minimum. 


A.c. and D.c. Process 


The type, thickness, and shape of 
the material being treated, as well as 
the desired end product determines 
whether a.c. or d.c. is used. In gen- 
eral, the a.c. process is best for narrow 
gage wrought alloys, and the d.c. proc- 


Table I—Relative Characteristics of A.C. and D.C. Process 


Characteristic 


Color 


Current Densities, Amp 20-30 


Throwing Power Good 


Thickness, in 


Abrasion Test, Wear Revolutions 


1,000 


Bend le st 


Dve Coloring 


Porosity 
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Light to dark gray 


0 0002-0 0005 


No failure 


Use for M alloy, or as 
base for darker dves 


Extremely dense and 
compact 


D. €. 


| Light green 
| 10-20 


F xcellent 


0 0004-0 .001 
| 1,000 


Fails at normal thickness 


Recommended for all except 
M alloy 

Some porositv at 250 
magnifications 


ess is used for heavier gages, castings, 
and intricate shapes. Table I com- 
pares several significant characteristics. 

Under ordinary conditions, mag- 
nesium can be correctly processed 
within 30 min. at approximately 180 
deg. F. With a.c., densities range 
from 20 to 30 amp. per sq. ft., and 
with d.c., from 10 to 20. When 
properly applied, the natural color of 
the a.c. film is a light to dark gray; 
the d.c. coating is pale green on most 
alloys, and a light gray on the M 
alloy. The relative appearance of 
the a.c. and d.c. finish is shown in 
Fig. 1. Both methods give a film 
that can be dyed any color, in the 
same manner that anodized aluminum 
parts are dyed. The Manodyz film 
forms true color lakes with organic 
dyes for excellent ornamental pro- 
tective coatings. 

Although 
purifving have improved magnesium 


scientific alloying and 
alloys greatly, finishing problems in- 
cluded these four factors: (1) Mag- 
nesium alloys are relatively soft, (2) 
they are anodic when coupled to other 
metals, (3) the alloys corrode rapidly 
in the presence of chlorides or similar 
environments, and (4) their inherent 
alkalinity makes them a poor base for 
The relatively hard 
and dense Manodyz film helps me- 
chanically to strengthen the soft metal. 
The dielectric strength of the coating 
retards the formation of couples and 
protects the metal from anodic dis- 


organic finishes. 


integration. The film also protects 
magnesium from corrosion and coun- 
teracts alkalinity. 

From a design viewpoint, the most 
important differences between the a.c 
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(D Alkaline (2) Water (3) Manodyz Tay held 
cleaner rinse A.C.20-30 arnp. per -- high dee dedher (6) Neutralizer 
Coverflow) D.C:10-20 arnp. per sq.ft. "eite 
Steel Steel Steel | Steel Stainless steel Steel . * 
Fresh water ` Manodyz Fresh water 20°%oCr acid | Cr acid, 
8-20 oz. exchange solution _ exchange 2°%e Ca(NOs)_ pH 2.5 
A.C.170-190 š 
200-212 160-180 D.C.160- 180 180 - 200 80-160 180 - Io 
5-5 min., In and out, 15-30 min., In and ouf, l-3 min, 2-3 min., 
air agit. . no agit. air agit. air agit. air agit. 


air agit. 


Fig. |—Flow sequence for forming the magnesium-oxide-silicate film on magnesium alloys. 


Fig. 2—Castings and forgings on left were processed with d.c.; the lighter appearing group on the right with a.c. 


and the d.c. films are porosity and 
depth. After the relatively porous 
d.c. coating is applied, the parts are 
usually dyed. As shown in Table I, 
the d.c. coatings are twice as thick 
as the a.c. films. The a.c. coating 
penetrates the surface with little in- 
crease of dimensions as compared to 
approximately 40 percent build-up for 
the d.c. coating. Since most struc- 
tural magnesium is designed with tol- 
erance for numerous paint coats, even 
the d.c. coating build-up is relatively 
small. If advantage is to be taken 
of these highly protective coatings 
Where close dimensional tolerances are 
essential the design must allow for 
this increase in dimension. 

The durability of the a.c. and d.c. 
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coatings were tested with a Taber 
abrasion machine using a CS17F 
abrasion wheel. An a.c. film 0.0004 
in. deep and a d.c. film 0.0008 in. 
deep withstood one thousand wear 
revolutions of the abrasion wheels 
with a 1,000 gram load. Using the 
same minimum bend radii per gage 
and per alloy suggested by the manu- 
facturer for forming at room tempera- 
ture, the a.c. and d.c. treated panels 
were bent 90 deg. and returned. The 
a.c. finish withstood the bend test 
without cracking the outside surface; 
d.c. coatings, thicker than 0.0004 in. 
failed in this test. Where appreciable 
bending is necessary the a.c. coating 
is best. 

The a.c. film is dense and compact, 


and shows no porosity at 250 mag 


nifications. The d.c. film shows some 

under the same test condi- 
With a 0.0002 in. deep film, 
the dielectric strength of either film 
will withstand 110 volts at 60 cycles. 
This is significant since magnesium is 
at the anodic end of the structural 
metals and corrodes rapidly when in 
contact with any of them. 

In the process shown in Fig. 1, the 
short dip in chromic acid tends to neu- 
tralize any free sodium ions from the 
alkaline Manodyz solution. When 
not rinsed off, a trace of the acid re 
mains in the pores of the coating and 
insures excellent paint adhesion. Ex- 
periments have that such 
painted surfaces show no embrittle- 


porosity 
tions. 


shown 








ment even after prolonged exposure 
to weathering conditions. 

For maximum protection of mag- 
nesium alloys under severe corrosive 
conditions, an organic sealer such as 
zinc chromate primer should be used. 
The first coat of primer should be 
applied by dipping, 
0.0003 to 0.0004 in. 


spray 


and 
thick. 


sealed in 


average 
In salt 
this 
manner have withstood 300 to 600 hr. 


tests, coatings 


ot exposure. Cadmium plated steel 
often 
Un- 


sealed Manodyzed coatings withstood 


will 
fail sooner, as shown in Fig. 3. 


or anodized aluminum 


50 to 100 hr. of this severe corrosive 
test. Ty pical results of a salt spray 
test are shown in Fig. 3 for cadmium 
plated steel, anodized aluminum, and 
Manodized magnesium. 

Although the 


protection are important when design- 


advantages of this 
ing for severe exposure, the chief ad- 
vantage of Manodyz is for household, 
commercial and domestic items that 
are subject to normal wear and indoor 





1024 Steel 
After 250 Hours of Salt Spray 


Cadmium Plated 





exposure. In addition to corrosion 
protection, it provides brilliantly col- 
ored surfaces with good wear resist- 


ance characteristics. 


Color Processing 


In addition to the natural color of 
the film as processed, the treated ma- 
terial can be dyed any shade by im- 
mersing in an aqueous solution of a 
selected organic acid or chrome dye 
as shown in Fig. 4. Some dyes suf- 
fice alone, but in general the depth 
of color is improved by the addition 
of ammonium acetate to the dye solu- 
Best results with most dyes is 
obtained by keeping the bath at ele- 
vated temperatures and immersing the 


tion. 


parts from 5 to 15 min. Another 
method for improving the quality of 
the color is the immersion of the 


treated parts in an intermediate mor- 
dant solution that saturates the film 
with Tests show 


aluminum oxide. 


less fading when dyes are applied this 





Anodized 24ST Dural 
After 300 Hours of Sait Spray 


way. lhe coatings smooth out minor 
irregularities on the surface of the 
metal, and usually after processing 
the dyed parts can be given a pleasing 
appearance by merely rubbing with 
soft flannel cloth. 

For high gloss surfaces, the part 
should be mechanically polished before 
Manodizing. After dyeing, sealing 
with a transparent lacquer or Wax 
will protect the film and luster and 
help protect the surface from corro- 
When selecting dyes for pro- 
duction, should be 
tested in a standardized Fadeometer 
to determine their resistance to fading 
the 


sion, 


dye specimens 


when exposed to influence of 
ultra-violet light. 

Although the relative newness of 
Manodyz will bring the usual pro- 
difficulties in 
vidual requirements, in general it will 
provide manufacturers of magnesium 


duction solving indi- 


products with an attractive, durable 
and protective coating for expanding 
some of the hitherto limited markets. 


Anodized and Zinc Chromate Primed 
AMC52SH Maanesium Alloy 
After 300 Hours of Sait Spray 


Fig. 3—Comparison of salt spray corrosion test on cadmium plated steel, anodized aluminum and magnesium. 
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Fig. 4—Steps in the application of colored dyes to the Manodyzed coating. Dyed parts can be polished easily. 
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ENGINEERING ABSTRACTS 


FOREIGN AND DOMESTIC ARTICLES 





Lubrication of Bearings 


Foreign abstract, condensed from "Bearing 
Friction and Border Surface Phenomena" by 
S. Kieskalt, in V. D.l. Zeitschrift, May 29, 
1943, page 321. 


The article discusses the dependence of 
pressure on viscosity, the adsorbed heat, 
and the effect of additives in lubricat- 
ing oil. 

For the fully lubricated bearing, 
viscosity is the only governing factor in 
the selection of the oil. This statement 
is not true for border or mixed surface 
friction, especially where bearings be- 
come overheated as the result of start- 
ing friction or emergency overloading. 


PRESSURE oN VIs- 
As the siding surfaces of a line 
bearing come closer to each other at 
increasing speed until rough contact is 
made, “catch-pockets” are formed 
in which the oil film pressure increases 
to a value that is many 
culated average pressure. It is reason- 
able to predict that in these endangered 
zones the oil pressure will rise tenfold. 
But at 50 deg. C. the 
ordinary lubricating oils is ten times 
as great as when under normal pres- 
sure. In with this condition, 
curve shown in Fig. 1 
flat in the zone of grooved 
lubrication. 


DEPENDENCE OF 
COSITY. 


many 


times the cal 


viscosity of 


accord 
the viscosity 
becomes 


FRICTION 
Shortly before 
during the molecu- 
lar approach of the surfaces 
and consequent thinning of the oil film, 
oil pressures as great as several 10,000 
kg. per sq. cm. have been noted. In 
oil testing machines 


LUBRICATION, Piston RiNG 
AND METAL POUNDING. 
overheating occurs, 
running 


the pressure may 
be as great as 70,000 kg. per sq. cm. 
on the Hertzian strain surfaces. 
when local initial temperatres 
presumed to be 200 deg. C., 


Even 
were 
castor oil, 


tor instance, will have about 160,000 
times the viscosity it would have at 50 
deg. C. and normal pressure. Under 


these conditions, viscosity in the physi- 
cal sense can no longer be defined in 
the monofilms under consideration. Such 
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of great importance 
of the dependence of pres- 


values would be 
as an index 
sure on the bearing border surface and 
during partial lubrication. 


PracTicAL MEANING oF O1LINEss. The 
combined effect on the lubricating 
mechanism, outside the zone of com- 
plete lubrication, and the characteristics 
of the oil at normal viscosity under the 
alternate influence of the moving and 
the standing metal surfaces has been 
termed "Oiliness" in the U. S. A. by 
W. H. Herschel. He defined this term 
as the lubricating value of an oil, de- 
rived from the summation of all its 
characteristics under the same load 
demands at the same viscosity and at 
atmospheric pressure, that results in 
different friction numbers. Small fric- 
tion numbers are associated with favor- 
able high oiliness. The lubricating 
value so defined therefore embraces not 
only the influence of the pressure de- 
pending on the viscosity and division 
of viscosity, but also the physico-chem- 
ical or the molecular physical proper- 


ties. It is the author's opinion that 


additional conditions should re- 


mention : 


three 
ceive 


Starting. 
The friction number may be 
classified as one hundred times that of 
the minimum friction. This 
may therefore safely vary by more than 
100 percent, depending on the kind of 
lubricant. This number 
influenced by the bearing metal. 

Wear and Tear. The appearance 
of mirror-like polished surface areas in- 
dicate bearing wear. These surfaces 
only partially parallel the starting fric- 
tion and seemingly often run in the op- 
posing direction. This condition would 
tend to clarify or void many differences 
in hae on the subject. 


Friction Occurring on 


starting 


number 


also may be 


3. Running Hot in various dangerous 
stages up to welding temperatures. The 
elapsed time for emergency bearing op- 
eration is of prime practical importance. 


in the fur- 
theories by 
reasons for the mani- 
appearing in the ad- 
"active oil particles" at 


Physical. chemistry 
ther development of the 
Langmuir, many 
fold phenomena 
sorbed film of 


sees, 


“= Border surface starting friction 


Mixed 
lubrication / 
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| —Typical characteristic curve of friction number in three friction zones. 
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Fig. 2—Border lubrication friction number for three fluids for a range of 


molecular weights. 


the atomic border ends of the bearing 
metal and sliding surfaces. Formerly 
these films were regarded to be mono- 
consisting ot several Ang- 
strom units in thickness. But P. A. 
Thyssen recently has pointed out that 
10 to 20 indefinitely located layers add 
themselves to the mono-film. 


molecular 


The following partial physico-chemi- 
cal phenomena express themselves in 
the lubricating value: 


1. The presence of adsorbed film is 
proved by electron bending instruments. 


2. The special structure of these very 
thin films is made more difficult by 
the appearance of electrical phenomena. 
Optical experiments by Eversole and 
Lahr point to multiple rigid mechani- 
cal molecular layers at the border sur- 
face of quartz-water. The experiments 
by Heidebrock and Pietsch to investi- 
vate similar effects on gear wheels and 
roll bearings by attempting to tear 
off the layers, indicate a quasi-crystal- 
line of high mechanical strength of the 
oil films on the metal surfaces. 

e 3. Metal surfaces when brought in 
contact with lubricants react with ad- 


sorption of heat and has been measured 
by W. Bueche in his experiments. 


ApsoRPTION. The heat adsorbed by 
finely divided carbon steels was meas- 
ured by Bueche. The results obtained 
from these measurements are listed in 
Table I in the order of amount of heat 
adsorbed by five oils. For comparison 
the heat adsorbed by castor oil is set 
as the standard and equal to 1. Bear- 
ing load was measured by means of a 
Prony brake consisting of a steel pulley, 
which acted as a thermostat; wood 
blocks were pressed against the pulley 
on both sides with a pressure of 4.55 
kg. per sq. cm. The sliding speed of 
of the pulley was 5 meters per sec. A 
temperature regulator served to main- 
tain the viscosity at 42cP. Observed 
factors were: Starting friction, mini- 
mum friction and critical sliding sur- 
face from the time the bearing over- 
load began up to the time that the 
lubrication broke down. These observa- 
tions are shown in Table I, lines 2 to 
4. The order of these observed values 
exactly follows the order of the ad- 
sorbed heat values. In contrast, lines 
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Table I—Relative Lubricating Properties of Five Oils 


Mineral Oils 

am - ————— | Tar 
lrans \uto | Oil 

former mobile lurbinc 

Oil Oil Oil 

Il | II | IV V 
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I] II] IV \ 
[1 IT] | IV \ 
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II] I IV V 
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* Constant viscosity of 0.0043 kg. per sq. meter 
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s and 6 show the order of the normal 
viscosities at 100 deg. C., and at 80 deg. 
C. at a pressure of 600 kg. per sq. cm. 
Tar oil, which has the lowest lubricat- 
ing value, is in the most unfavorable 
place. 

When it is considered that the de- 
termination of the truly effective vis- 
cosity within the zone of the thinnest 
lubricating film is as difficult as the 
measurement of the actual tempera- 
tures and pressures in the film, it is evi- 
dent that the adsorbed heat is a good 
index of lubricating value and its com- 
ponent practical characteristics. 

The measurement of adsorbed heat 
is a simple calorimetric procedure that 
gives promising results. Furthermore 
its dimension, Kcal. per sq. m., may 
easily be defined as friction value. The 
heat adsorbed over a unit area by the 
adsorbing substance can thus be ex- 
pressed in work units. 

The influence of other oil character- 
istics such as specific gravity, aniline 
point (aromatic content), refraction 
and refining have been thoroughly in- 
vestigated by Kadner. He discovered, 
in addition to the influences of the 
viscosity and its close dependence on 
pressure, that in the Thoma machine 
the phenomena followed common laws 
that in some instances did express 
numerically the continued influence of 
active border surface additions and the 
origin of the oil as well as the harmful 
influences of over sulphuric acid treat- 
ment of the oil. The accompanying in- 
fluence of the pressure on the viscosity 
likewise is confirmed by this work. 


Wear AND Tear. In the field of bor- 
der lubrication, during overload opera- 
tion, the wear of the bearing metals 
is a decisive factor. 

A new investigation has been started 
to determine the causes for wear. This 
is based on the introduction of the 
concept of “chemical polishing” of the 
running surface by means of small 
quantities of effective chemicals. It 
was found that the addition of 1.5 
percent chemicals that are soluble in 
oil, such as triphenylarsin, reduced the 
wear of highly acid treated mineral 
oils down to 1/12 the original amount. 
Following the further addition of 1 
percent of polarized long chain sub- 
stances, with the intent of increasing 
the lubricating value of an oil, the 
wear decreased to less than 1/17. In 
the areas of roughness on the bearing 
surfaces, it is believed that with these 
additives phosphorus or arsenic splits 
off and forms chemical compounds with 
the steel or copper from the bearing 
surfaces and form eutetic mixtures, 
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which melt at lower temperature than 
tne bearing metal. Because of the 
chemical change, the rough surfaces of 
the bearings are smoothed over and 
the lubricant additives are given a wide 
area of effectiveness. 


TrsriNc MacuiNEs. Emulating Amer- 
ican practice, German engineers have 
adopted the four ball testing machine. 
This machine comprises four 74 in. steel 
balls pressed together to form a tetra- 
hedron in which one ball is driven and 
pressed against the remaining three 
balls, whereby the friction moment of 
the three balls, at rest, in their runway 
is measured. When castor oil is used 
as the lubricant, contact pressures in 


the order of 70,000 kg. per sq. cm. 
are reached on the Hertzian surfaces. 
Probably these originated from the ten- 
sile stresses present in the triple axial 
support and the opposing forces tend- 
ing to change the form. 

Similar Hertzian surface pressures 
of 20,000 kg. per sq. in. are produced 
in the rolling friction of gears. Ac- 
cording to Smekal, the theoretical co- 
hesion of steel is about 185,000 kg. per 
sq. cm. But this testing machine, like- 
wise is not independent from viscosity. 


IMPROVING THE LUBRICATING VALUE. 
Present indications show a preponder- 
ance of interest in polar molecules, 
either as esthers or added as carbonates, 
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sulphur, chlorines or the phosphorous 
groups. The experiments by Hardy, on 
the influence of starting friction, Fig. 
2, show the basis for his viewpoints, 
even when the reliability of his meas- 
uring process is in doubt. Alloys of 
tin, cadmium or lead in the bearing 
metal follow a similar behavior. 

For piston construction, the Mable- 
Plumbal, Stannal and Graphal Process 
have increased in importance. But care 
must be taken in the manufacture of 
the chemicals to assure their purity 
and to avoid the danger of corrosion. 
According to Holm, the corrosion-re- 
sisting metals, platinum and nickel, 
the stainless steels behave unfavorably 
in the border friction zone. 





Research In Water-Cooled Gas Turbines 


"From Memorandum Report Serial No. 
TSEPL-5-22-280 on Gas Turbine Research 
Conducted at LFA," by R. W. McLane, Army 
Air Force, Air Technical Service Command 


IN 1940 Dr. Schmidt at L.F.A., Ger- 
many, began development on a series of 
water-cooled gas turbines, which were 
intended for aircraft use. Because of 
the difficulty in condensing the water, 
the application of water-cooled gas tur- 
bines to aircraft was dropped, but cen- 
tral station type of equipment evolved. 
A 10,000 kw. gas turbine was finally 
built. Dr. Schmidt’s design of a water- 
cooled turbine is significant because it is 
a method of using normal materials at 
normal temperatures while utilizing the 
necessarily high gas temperature for 
the turbine cycle. 

Research was done in the fields of 
fluid dynamics, materials, turbine theory 
and physical testing. 


Fluid Dynamics Research 


Investigations of the dynamics and 
character of airflow through and around 
axial turbine and compressor blading 
were conducted principally by two meth- 
ods: The first being direct visual studies 
utilizing smoke and ribbons in an air 
stream flowing over the subject parts. 
Second, and much more precise and in- 
formative, was the use of the inter- 
ferometer to study fluid flow through 
blading. The method employed was to 
project the light beam formed by the 
interferometer parallel to the length of 
the blade and against a light sensitive 
plate on which the blade profile and in- 
terference lines appeared. By then flow- 
ing air through the blading under de- 
sired conditions of velocity, angle of 
attack and density, a two dimensional 
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study resulted. When breakdown of 
flow around the blade (turbulence) and 
changes in density in the fluid occurred, 
they affected the interferometer light 
beam pattern. Deviations in the inter- 
ference fringe pattern defined lines of 
change in fluid density and consequently 
positions and areas of unstable and in- 
efficient flow. From these results changes 
in angle of attack and blade form were 
made to improve the flow pattern. 


Materials Research 


It was intended to make the Schmidt 
turbine of ceramic materials for all 
parts in contact with hot gases. Very 
little work was done to encourage de- 
velopment of alloys suitable for high 
temperature operation under stressed 
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and corrosive conditions, because of the 
lack of required alloying materials in 
Germany. The approach therefore was 
one of design to permit use of normal 
steels by using suitable cooling methods. 
This line of reasoning resulted in the 
Schmidt watercooled turbine. 


Physical Testing 


The ceramics generally failed, pre- 
sumably from poor thermal shock char- 
acteristics. The ceramic nozzle ring 
proved to be impractical because of 
thermal stresses induced within the 
member itself as well as the difficulty 
of reconciling the different expansion 
coefficients of the ceramic and its steel 
mount. Temperature measurement 
methods for hot gases included the pre- 
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Fig. I—Typical interferometer pictures of fluid flow in turbine blades. 
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ferred arrangement of flowing at about 
150 meters per second, the hot gas at 
1,000-1,200 deg. C. over a platinum- 
rhodium junction. The radiation loss 
was compensated for by rapid convec- 
tion to the junction and also by impact 
effect of the gas flow. Temperatures 
thus obtained were checked by com- 
puted values, taking into account the 
airflow, fuel ow and various losses. 


Turbine Design 


This design embodied a turbine with 
an output in the order of 13,000 kw. 
driving compressors which consumed 
5,800 kw. and a generator with 5,000 
kw. output. Several of the 
cycle and layout were considered. One 
used two blowers in 
intercooler, and the 


versions 


series with an 


other had three, 


series-connected, four-stage axial blow- 


ers and their respective intercoolers 
discharging into a preheater at 8 atmos- 
pheres and 131 deg. C. From the pre- 
heater the air furnished combustion 
with methane in a furnace, which dis- 
charged into the turbine at 6.8 atmos- 
pheres and 1,200 deg. C. The cycle 
employed coal gas, using the steam from 
the water-cooled rotor as a part of the 
gas generating system. A thermal effi- 
ciency of 34 percent was estimated. 


Turbine Blade Cooling Cycle 


The water-cooled turbine recor con- 
sisted of a hollow drum with the blades 
attached radially. Holes drilled in the 
blade communicate to the interior of 
the drum, the holes being blind at the 
blade tips. Water introduced into the 


rotor fills the blades and drum to a 
pre-determined depth, probably the 
minimum for stress reasons. Water 
circulation in the blade takes place be- 
cause of slight change of density of 
water between the surface of the hole 
and its center line. This is caused by 
the centrifugal force and high tempera 
ture, which places the water at the 
blade tips near the region where its 
specific heat is high thereby permitting 
considerable heat transfer for a very 
limited surface. The water level is 
regulated by a bleed hole located at the 
desired radius at each end of the drum. 
If the water level in the drum drops, 
steam escapes, reducing steam pressure 
inside. Water then pumps by centrifuga! 
action until the force is balanced by 
steam pressure. 





Ingenious Design Ideas Used in 2-For-1 Twister 


From “Electrical Equipment for Two-for-One 
Twister" by E. C. Gwaltney, Director of Re- 
search and J. H. Burnham, Test Engineer, 
Saco-Lowell Shops, presented at A.I.E.E. 
National Meeting, January, 1947. 

By HOLDING the package stationary on 
a revolving spindle that carries a flyer 
operating at high speed, two turns of 
twist are obtained for every revolution 
of the spindle as shown in Fig. 1. By 
getting two turns of twist for each rev- 
olution of the spindle, instead of the 
usual one, the linear speed and output 
per spindle is doubled without increas- 
ing spindle speed. 


The conventional upstroke twister 
uses either a one-half or one-pound 
supply package revolved on a spin- 
dle at: from 8,000 to 11,000 r.p.m. 


and requires high power consumption. 
Yarn tensions can vary up to 100 per- 
cent because of a variation from top to 
bottom of supply spool and from full 
to empty spool. Reasonably constant 
tension is essential in making a high 
quality yarn. 

The 2-for-1 twister uses a stationary 
package and power consumption is rela- 
tively low and is independent of 
whether the package is full or empty. 
Yarn tensions are constant regardless 
of any variation in the supply package 
and can be held to plus or minus 5 per- 
cent. The rotating spindle supports the 
package carrier on two ball bearings, 
as shown in Fig. 1. These bearings 
allow the spindle to rotate within the 
stationary package carrier, 
kept from revolving by two Alnico 
magnets in the bottom of the package 
carrier and two magnets mounted on 
the spindle support. The free path for 


which is 
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the yarn and flyer around the package 
carrier is obtained by using magnets to 
keep the carrier from revolving. 

The yarn is pulled upward over the 
end of the supply package, down 
through the tension device, then through 
a hole in the center of the spindle. 
around a porcelain guide and out 
through a hole in the side of the spindle, 
thence to the eye of the flyer that ro- 
tates within the air gap of the magnets 
and up to the take-up spool, “balloon- 
ing” around the stationary package and 
carrier. Only the spindle and flyer re- 
volve. One turn of twist per revolution 
is inserted in the yarn between the 
tension device and the flyer. A second 
turn per revolution is added between 
the end of the flyer and the take-up 
spool. 

If one of the two top bearings on 
the spindle should fail, the package car- 
rier and package would start revolving 
at the speed of the spindle because of 
bearing friction. As this speed is often 
as high as 12.000 r.p.m., for safety the 
front bottom holding magnet is 
mounted in a “trap door” that swings 
open by gravity when this magnet is 
not held up by its matching magnet 
in the bottom of the package carrier. 
In addition to the force of gravity, the 
drop magnet in the trap door is given 
a definite push when like poles of the 
magnets pass by each other. A move- 
ment of only five degrees of the trap 
door releases a spring loaded brake that 
stops the spindle and removes the driv- 
ing force. 

Practical operation requires that the 
spindles rotate at approximately 12,000 


Propuci 


r.p.m. and the yarn take-up be driven 
at various constant linear speeds and 
that any given ratio between spindle 
speed and linear speed of yarn be 
maintained constant for all spindles 
during starting, running, and stopping 
of the machine. 

The first attempts at the machine 
used an endless belt to drive the spin- 
dles. Belt slippage and resultant twist 
variation, maintenance, power consump- 
tion, yarn cleanliness, and overall flexi- 
bility were serious problems. The most 
serious was yarn cleanliness. Dirt and 
oil circulated by air currents created 
by the endless belt made black streaks 
in the yarn that would not come out in 
the finishing of the woven fabric. Com- 
plete electrification, using individual 
drive motors solved the problem. Ad- 
vantages include: Reduction in: power 
consumption, a more even twist be- 
cause of constant ratio between spin- 
dle and take-up speeds, easier stopping 
of individual spindles, a simpler design. 
reduction in noise, and clean yarn. High 
rotative speeds are readily obtained 
by using 200 cycle a.c. motors. This 
system results not only in simple inex- 
pensive motors but also in a high degree 
of speed uniformity. 

Individual 2-pole, 3-phase 
induction motors rated 40 watts, 12,000 
r.p.m., 60 volts, 200 cycles, drive the 
spindles. Motor shafts are extended 
upwards and become the spindles. In- 
duction motors are used because of 
reduced cost and better starting char- 
acteristics of individual spindles and 
they have relatively constant speed since 
the loading is constant and variations 
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Fig. I—Magnets hold the supply package stationary and allow the flyer to 
revolve in the air gap. In this design, only the spindle and flyer revolve. 


in bearing friction are negligible. The 
motor generator set comprises a genera- 
tor rated, 3 kw, 3,000 r.p.m., 65 volts, 
3 phase, 200 cycles. The driving motor 
is rated 5 hp., 1,800 r.p.m., 550 volts, 
3 phase, 60 cycles. The take-up pack- 
ages for each spindle are surface driven 
by cork covered drums on shafts run- 
ning the length of the machine, one on 
each side. 

These shafts are driven by a 
motor rated 1/6 hp., 60 volts, 3 phase, 
200 cycles, 65 r.p.m. output speed, 
powered from the same high-frequency 
source that drives the spindles. This 
holds a constant ratio between. spin- 
dle and take-up speeds assuring con- 
stant twist. Change gears alter the 
take-up speed to obtain desired twist. 

In bringing the spindles up from rest 
to operating speed the acceleration rate 
is limited. This reduces the maximum 
torque requirement in the spindle 
motors and tends to hold a more uni- 
form relation of speeds of spindle and 
take-up. To insure adequate break 
away torque, the driving motor for the 


gear 
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generator is designed for approximately 
flat torque characteristics with stand- 
still and pull-out values about equal. 
Limitation of acceleration is secured by 
the use of a small fly-wheel mounted on 
the generator shaft. This method re- 
sults in a combination of good break- 
away torque with the desired limited 
rate of starting. 

Size of supply package has negligi- 
ble effect on spindle-motor input reveal- 
ing that the slip is constant and that 
spindle speed will not vary. Studies 
have shown that power cost per pound 
of varn produced on 2-for-1 twisters is 
in the order of 
conventional 


one-third of that on 
machines. 

A higher quality yarn with less varia- 
tion in twist and a tremendous reduc- 
tion in number of fabrics rated as 
"seconds" because of oil dirt and dirt 
are expected to offset the necessarily 
higher cost of the 2-for-1 
compared to the cost of 
up-stroke twisters. 


twister as 
conventional 
2-for-1 twisters 
replace all 


It is expected that 


will eventually forms of 


twisting except on those yarns requiring 
an extremely low twist and that elec- 
trification of spindles on the present 
machine will point the way to future 
electrification in the textile industry. 
There are over ten million spindles in 
the Unted States alone twisting the 
type of yarn to which the present 
2-for-1 twister is suited. There is an 
ever-increasing amount of rayon tire 
cord being used and the 2-for-1 princi- 
ple is now being adapted to a machine 
for the twisting of this cord. With 
this development, it will be possible 
to produce 20 |b. cones of tire cord 
without a knot or splice in a 2-step 
operation and the power cost will be 
only a small fraction of that on present 
machines. 


Brass Die Castings 


Foreign Abstract condensed from “High 
Melting-Point Alloys" by H. K. and L. C. 
Barton, from Mechanical World and Engineer- 
ing Record, July 26, 1946. 

BRASS HELD FOR LONG PERIODS in the 
molten state, as is necessary in die cast- 
ing, loses much of its zinc in vapor. But 
in the cold-chamber process the metal in 
the holding furnace need be maintained 
only at an intermediate temperature be- 
tween solidus and liquidus. The metal 
in this plastic state still has a very 
searching action within the die cavity 
and rapidly erodes projections or small 
cores. This rapid breakdown of the die 
surface, by simple erosion and by heat 
checking is the limiting factor in the 
die casting of copper-base alloys. 

Injection pressures in excess of 6,000 
lb. per sq. in. decrease the die life while 
offering little improvement in the physi- 
cal properties of the die casting. Of 
the die steels in use, red-hard high- 
tungsten steels such as tungsten 14 per- 
cent, chromium 3.5 percent, vanadium 
0.4 percent, offer the best resistance to 
heat checking. Such steels can be relied 
upon to give a die life of 20,000 to 60,- 
ooo cycles when heat-treated to about 
soo Brinell. Small cores and ejectors 
have a much shorter life. 

Practically all commercially used 
brasses can be successfully die cast, as 
can pure copper, beryllium copper and 
aluminum bronze. 

Die cast brasses yield consistently 
higher physical properties than are ob- 
tained from sand-cast test bars. Tensile 
strengths range from 50,000 to 100,000 
lb. per sq. in., with elongations ranging 
from 5 to 25 percent. Impact strengths 
of the common copper base die casting 
alloys are grouped fairly closely around 
35 ft. lb. Charpy. 
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Fig. I—Series rheostat controls speed of 
series motor powering dental gold condenser. 
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Application and performance characteristics of different methods of speed 
control for small motors without governors. Discussion includes engineer- 
ing comparison of external resistance systems, multispeed windings, 
reactors and transformers, electronic, and mechanical speed control. 


A MOTOR designed for best speed 
control characteristics always sacrifices 
something with respect to other op- 
erating characteristics. Therefore the 
designer must first know the complete 
set of operating characteristics of the 
machine over the entire speed range 
he would like to obtain. Then he 
must choose a motor with operating 
characteristics that match those of the 
machine. Often a compromise must 
be made between the desired speed 
range and other necessary operating 
features. 

Some types of motors will match 
closely the required operating char- 
acteristics at a given speed, but they 
may not have an adjustable speed char- 
acteristic; or a change in speed may 
alter other essential operating charac- 
teristics. This article will discuss some 
methods for controlling speed of frac- 
tional horsepower motors without gov- 
ernors to help guide the designer in 
compromising between speed range ad- 


justment and other operating char- 
acteristics to give the best overall ma- 
chine performance. 

Certain motors are essentially con- 
stant speed since they depend on the 
frequency of the power supply for 
their operating speed. ‘These motors 
are: Split-phase, synchronous, capaci- 
tor start, repulsion start, and poly- 
phase. Since it is generally impractic- 
able to vary the frequency, these 
motors are not considered in the ad- 
justable speed category. Several fixed 
speeds often can be obtained from 
these motors by a multiple winding 
arrangement, enabling reconnection to 
obtain different numbers of poles. 


External Resistance 


‘The most common method of speed 
control of small motors is by rheo- 
stats or resistors. Series wound mo- 
tors, such as shown in Fig. 1, respond 
best to this tvpe of speed control. 





Shunt and compound wound d.c. mo- 
tors also can be reasonably well con- 
trolled this way. 

The simplest way to control the 
speed of a series wound motor is to 
connect a rheostat in series with it as 
shown in Fig. 2. For a given load 
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Fig. 2—Controlling speed of series 
motor by using a series rheostat. 
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the speed decreases as the resistance is 
increased. If enough resistance is 
added the speed can be adjusted down 
to standstill. A half speed reduction 
usually is considered the practicable 
limit. When resistance is added to 
decrease the speed below 50 percent, 
the motor usually will not start until 
the resistance is reduced. This is be- 
cause the higher starting current 
causes a greater drop in voltage across 
the rheostat, thus leaving less net volt- 
age at the motor terminals. When 
the rheostat is adjusted so that the 
motor will run at minimum speed 
without stalling, a slight increase in 
load or a slight decrease in line volt- 
age will stall the motor. 

The speed of a series wound motor 
with resistance in series is highly sensi- 
tive to load changes. The slightest 
increase or decrease in load, because 
of friction of the bearings, belts, gears, 
and other parts, causes a change in 
speed. But there are many applica- 
tions with uniform load conditions at 
all speeds where rheostat control is 
satisfactory. 

The speed of a series wound motor 
also can be controlled by shunting an 
adjustable resistor across its armature, 
as shown in Fig. 3. Although the 
speed range is not as great as with 
the series rheostat method, advantages 
include: (1) More stable speed; (2) 
greater starting torque because the 
field is strengthened as the current 
that by-passes the armature is in- 
creased; (3) less armature reaction 
lengthens brush life. Too low a re- 
sistance should not be left across the 
armature, because the high field cur- 
rent may burn out the field coils. 

Another way to control speed of a 
series motor over a wide range and 












retain reasonable stability at low 
speeds, is to connect a fixed resistor in 
series with the armature and a vari- 
able rheostat across the armature. This 
combination, shown in Fig. 4, re- 
quires a test with the proper load 
to determine the necessary resistance 
values and wattage ratings. If not 
done precisely the resistors may burn 
out. Such testing also is required to 
assure maximum speed stability. 

It is common practice to regulate 
the speed of shunt wound motors by 
inserting resistance in the shunt field 
circuit, as shown in Fig. 5. This 
weakens the magnetic field, which 
speeds up the motor. Such field con- 
trol provides stable motor speeds at 
light loads, provided the magnetic 
field is not appreciably weakened. As 
shown in Fig. 6, to reduce the speed 
of a shunt wound motor resistance is 
added to the armature circuit. 

Another way to reduce the speed 
of a shunt wound motor is to shunt 
an adjustable resistor (potentiometer 
or voltage divider) across the line, 
with one armature lead connected to 
the movable contact of the resistor. 
The movement of the contact changes 
the voltage applied to the armature, 
as shown in Fig. 7. By this method 
the speed can be reduced without 
sacrificing good starting performance. 
But this method dissipates energy con- 
tinuously in the adjustable resistor, 
and is suited only for small motors 
and comparatively light loads. 

When speed regulation of a shunt 
wound motor is required over a wide 
range, adjustable resistors must be 
used in both the field and armature 
circuits as shown in Fig. 8. Weaken- 


ing the shunt field reduces the starting 
torque 


of the motor, shortens the 





brush life, and disturbs speed stability. 
When resistance is used in the arma- 
ture circuit, starting torque and speed 
stability are affected in direct propor- 
tion to the added resistance. 

When motor speeds are adjusted by 
resistance, they become much more 
sensitive to load variations. A given 
load increase on a series wound motor 
with resistance in series will cause a 
larger drop in speed than it would 
without the added resistance. The 
value of resistance in a resistor changes 
with temperature. For constant speed 
as normal operating temperature is 
approached, the resistance increases 
and requires continual adjustment. 

Motor 
changed to aid stability in speed regu- 
lation. The ratio of field to armature 
ampere turns can be varied in the 
series motor design to help obtain 
wider speed range, but this gives 
poorer commutation and shortens 
brush life. Armature slots can be 
skewed to improve performance at 
the low end of the speed range, but 
running efficiency is reduced. An in- 
creased air gap produces somewhat 
similar effects. 


design factors can be 


Multispeed Windings 


Where two or more definite speeds 
are desired, best stability usually can 
be obtained by using multispeed wind- 
ings. No power is lost in control re- 
sistance and the voltage at the motor 
terminals does not vary because of re- 
sistance drop. A multispeed winding 
for a series wound motor is generally 
referred to as a tapped field winding. 
As shown in Fig. 9, this method 
changes field ampere turns. 

This method of speed control main- 
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wide speed range and good control. vides good starting torque of motor. 
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Fig. |0—Two-speed control of ca- 
pacitor motor by switching the 
capacitor from one field winding 
to the other. Method is efficient. 
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Fig. |!|—Tapped autotransformer 
in main winding provides simple 
speed control of capacitor motor. 


tains the good starting torque char- 
acteristic of electric governor control, 
but avoid the loss of power in driving 
the governor and servicing of the de- 
vice. But tapped winding speed con- 
trol is not as accurate as electric gov- 
ernor control. 

A capacitor motor can be controlled 
in speed by a tapped main winding or 
a tapped capacitor winding, or both. 
A simple method for two-speed con- 
trol is to shift the capacitor from the 
capacitor winding to the main wind- 
ing by using a three pole double throw 
switch, as shown in Fig. 10. In addi- 
tion to avoiding power loss in control 
resistors and consequent voltage varia- 
tions across the motor terminals, this 
method of speed control of a capacitor 
motor maintains good motor efficiency 
at both speeds. 

Multispeed windings are sometimes 
used to obtain different numbers of 
poles to give two or more speeds in 
polyphase motors. The same can be 
accomplished with split-phase motors, 
but in this type, the starting winding 
must be disconnected as the motor ap- 
proaches its lowest operating speed. 
It must always be started while con- 
nected for slow speed operation. When 
reconnected for high .speed operation 
the motor must accelerate from low 
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Fig. 12—Variable transformer 
gives stabilized speed control of 
series motor. 
gram. (B) Typical 5 amp. variable 
transformer for 0 to 135 volts. 


{A) Schematic dia- 


to high speed without the aid of a 
starting winding. ‘This reduces the ac- 
celerating torque considerably. 


Reactors and Transformers 


A simple and efficient method of 
speed control of motors is by the use 
of reactors and transformers. Shaded 
pole fan motors are commonly varied 
in speed by varying the reactance con- 
nected in with them. Auto 
transformers are commonly used for 


series 












capacitor motors, as shown in Fig. 11. 
They are connected either in the main 
winding or the capacitor winding, or 
both. 

Variable transformers are used ad- 
vantageously to control the speed of 
series wound motors. They are con- 
nected in series like a rheostat, but 
unlike a rheostat, there is little volt- 
age drop when the motor demands in- 
creased current. Thus, the speed is 
maintained with greater stability, 
starting torque remains high, and a 
wider speed range is obtainable. 'The 
speed is controlled simply by adjust- 
ing a knob on the variable transformer, 
as shown in Fig. 12. Variable trans- 
formers are more expensive than most 
and sometimes cost 
than the motors they control. 


rheostats more 


Electronic 


Electronic speed control of elec- 
tric motors, especially in the large: 
sizes, has provided desirable character 
istics where wide speed range is re- 
quired. A number ot electronic sys 
tems are in use, the most common of 
which is the control of shunt wound 
d.c. motors from thyratron tubes. 

Alternating current is rectified by 
the tubes, and the variable d.c. output 
applied to the motor. The current in 
either the field or the armature circuit 
can be varied, or the current in both 
can be varied simultaneously. The 
motor is controlled in much the same 
way as with variable resistors, but the 
undesirable features of the resistors 
are eliminated. This method of elec 
tronic control is not generally used 


Fig. 13—Paper register demonstrator using electronic control in one phase of 
the two phase motor to control speed and direction of rotation of the unit. 
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Fig. 15—-Cone and ring adjustable speed drive prevents motor from being overloaded. 


in connection with fractional hp. mo- 
tors because it usually costs many times 
For 
successful control close collaboration 


more than the motor it controls. 


is required between control, motor, 
The 
voltage is always below line voltage 
on the control 


and machine designers. motor 


input, necessitating 
larger wire size in the motor than is 
required for full line voltage. 

For applications requiring precise 
control, electronic control of small a.c. 
Usually, 


phase motors are used. One phase of 


motors is increasing. two- 
the motor winding is generally con- 
nected to the commercial 60 cycle 


power source. The other phase is 


Fig. 14—Typical adjustable speed mechanical drives. 


supplied with power from a tube cir- 
cuit. One method of controlling the 
motor speed is to vary the current out- 
put of the tube. Another method is 
to vary the phase relationship between 
the two sources of current. Some 
methods employ the combination of 
the two systems. 

The most common field of applica- 
tion for two-phase electronically con- 
trolled 


recording instruments. 


controlling of 
The limit of 
tube 


espe- 


motors is in 
power output of the vacuum 
necessitates the use of motors 
cially designed for high reactance and 
high ratio of reactance to impedance. 
High motor efhiciency and low inertia 


Friction disk drive 


for synchronous contactor on left, and friction cone drive for stirring device. 
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of rotor improve the sensitivity of this 
speed control system. One advantage 
of using electronic control in one phase 
of a two-phase motor, such as shown 
in Fig. 13, is that considerable power 
output of the motor can be controlled 
by use of a relatively small amount of 
power from the vacuum tube. 


Mechanical and Other Methods 


It is often desirable to obtain vari 
able speed by mechanical means. This 
method permits use of a constant speed 
continuous duty motor, capable of de- 
livering full output and operating at 
maximum efficiency for all final drive 
Various kinds of mechanical 
drives are 


speeds. 


used in connection with 


large motors, but they are rather 
limited in their application to small 
motors. 

As shown in Fig. 14, the simplest 
adjustable speed mechanical drive and 
the most commonly used with very 
small motors is the friction disk ar- 
rangement. 

One compact and comparatively ef- 
ficient variable speed transmission used 
with small motors is the cone and ring 
arrangement shown in Fig. 15. With 
proper selection of cones and gears 
the motor cannot be overloaded. As 
the speed of the motor drops, the ro- 
tating cones make lighter contact with 
the stationary ring, causing slippage. 
Even with a synchronous motor, slip- 
page will occur when the maximum 













Drive motor 


Fig. |16—Voltage across carbons in arc light can cause motor to feed carbon 


at the proper rate. 


ly Is USUALLY ACCEPTED that about 
two percent of a company’s gross in- 
come can be spent on research accord- 
ing to Malvern J. Hiler, Technical 
Director, Stepan Chemical Co., who 
spoke before the Chicago Production 
“Small 


Management Views Research.” 


Conference on Company 

For example, the annual report of 
one of the chemical companies manu- 
facturing synthetic fibers shows sales 
last year as $135,202,211 and their 
expenditure on research as $2,284,571. 
Their research money, it is reported, 
was spent in the two fields in which 
this 
chemistry 


company — specializes—cellulosic 
and petroleum chemistry. 
Over two and a quarter million dol 
lars will purchase considerable re- 
search and returns from it may well 
be delayed for an extended period 
without serious harm to the company’s 
position. When such a ratio is ap- 
plied to a small company with $500,- 
000 two 


$10,000 does not purchase much in 


sales a vear, percent or 
the way of research. 

So, a higher percentage of the busi- 
ness dollar must be allocated to re- 
search, or the dollars must be spent 
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A circuit for a shunt or series motor can be used. 


Research in Small Companies 





outside the company where they will 
bring the greatest return, preferably 
in a consulting research organization 
with experience in the field of the 
business. 

In the smaller company, research is, 
more than elsewhere, an 
function for it is that which will, in 
the long run control the future posi- 


executive 


tion of the company. Larger organ- 
izations recognize this fact by making 
Research Directors Vice-Presidents 
and very often placing them on the 
Board of Directors. Small companies 
should follow suit and place their 
research head or technical director in 
a position where he reports directly to 
the president. This is not only good 
planning but in the early days of the 
company it is often a pillar of strength 
when productive results seem so long 
in coming and the research director 
needs a fri2nd. 

Inevitably research in the smaller 
company must be geared very closely 
to the calendar. Quite obviously the 
problems or program undertaken by 
a small cannot include 
much “fundamental research” or deal 


with problems which cannot hope to 


company 


driving torque between cones and ring 
This drive can be ad- 
justed during rotation from maximum 
forward speed, through zero, to maxi- 
mum reverse speed. 

Unique methods of speed control 
have been devised for application to 


is exceeded. 


special conditions. As shown in Fig. 
lamps required 
small motors to feed the carbons to- 
gether at the proper rate of travel to 
maintain the ideal quality of arc light. 


16, projection arc 


One of the schemes used is to connect 
a series wound motor directly across 
the arc. As the arc lengthens, its volt- 
age increases ; thus increasing the volt- 
age across the motor terminals, caus- 
ing the motor to speed up and drive 
the carbon rods together faster. Con- 
versely, as the arc shortens, its volt- 
age decreases, thereby lowering the 
voltage across the motor terminals, 
causing the motor to slow down and 
feed the carbon rods more slowly. In 
this manner the proper light quality 
and intensity are maintained. 


achieve results translatable into dol- 
lars and cents within a year’s time. 
More likely the research of the smaller 
company will be more aptly termed 
“applied, or practical, research” and 
will deal either with improving an 
existing product or process or will 
endeavor to develop a product for an 
existing market. ‘The laboratory re- 
search man will spend part of his 
time outside the laboratory in con- 
tacting industry; he will also make 
available to him the knowledge of 
the production man of the plant, the 
engineers, the salesman, and the office 
personnel. Every help 
the Research Department. 

It should not be expected by man- 
agement that more than one major 
development per year should come 
from the Research Department. It 
takes normally that long for the 
regular production and sales ends of 
a smaller company to assimilate a new 
development and turn it into practical 
money for the company. The organ- 
ization bringing out one new major 
development a year is more than a 
young, potential big-business company 
—it will soon be a leader. 


person can 
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Research Bringing Quieter Aircraft 


QUIETER PLANES are promised as a 
result of noise research being conducted 
by aircraft manufacturers and the 
National Advisory Committee for 
Aeronautics. A noise reduction sub- 
committee of the Aircraft Industry As- 
sociation’s Aircraft and Testing Com- 
mittee has been at work on the west 
coast. Also active in this field is the 
Langley Memorial Aeronautical Lab- 
oratory of the N.A.C.A., at Langley 
Field. Virginia. 


Neise Factors 


External noise has been aggravated 
by a number of factors. Two of these 
can be controlled. One is the tendency 
on the part of some manufacturers to 
use engine-propeller combinations re- 
sulting in noise levels higher than is 
necessary for the power available. This 
is usually the result of excessive pro- 
peller tip speeds, and is poor engi- 
neering; it is bad for the propeller, 
bad for the engine and fatiguing to the 
pilot and passengers. 

The other factor is the result of in- 
creasingly powerful power plants. The 
greater the power, the more the noise. 
The problem of reducing this ratio of 
noise to power is being vigorously at- 
tacked and must be solved to provide 
acceptable sound levels in the cabins 
of commercial airplanes. A reduction 
of the noise at the source seems to 
be the only way—maximum use of con- 
ventional soundproofing has been made. 

In order to reduce such noise, the 
relation between propeller noise and 
engine-exhaust noise should be under- 
stood. 'The nature of sound is such 
that if the propeller noise and engine- 
exhaust noise are equal, even a dras- 
tic reduction in either one alone will 
not result in an appreciable audible 
reduction of total noise. The relative 
magnitude of exhaust noise and pro- 
peller noise changes rapidly as the 
engine rpm is reduced from takeoff 
and climb rpm to cruising rpm, the 
propeller noise decreasing much more 
rapidly than the exhaust noise. Under 


Propuct ENGINEERING — May, 1947 


cruising conditions the exhaust noise 
and propeller noise may be of the same 
order of magnitude. ‘There is, of 
course, a wide variation in the noise 
produced by various types of exhaust 
systems on the same power plant. 


Likely Measures 


Great reductions in sound energy are 
necessary to give appreciable reductions 
in audible sound. A 3 decibel reduc- 
tion, for instance, is audible but not 
markedly so; such a reduction actually 
halves the acoustical power output. 
This indicates possible methods of noise 
reduction: 


PRoPELLER DresrGN. For a given pro- 
peller tip speed and power, changes in 
blade form and disc area can vary the 
sound output through a range of ap- 
proximately 20 decibels. 


Heat Pumps. The use of a heat pump 


bl 


E = Shae: oo Sete 
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Demonstrated at NACA's Langley laboratory, a comparison of noise made 
by a 70 in. two-blade propeller mounted on the nose of a 65 hp. Piper Cub 


in connection with the engine exhaust 
provides reductions in noise level of 
the order of 10 decibels, without 
commensurate reductions in jet thrust. 


CoMpPpouUNDING. The use of compound- 
ing (exhaust turbos and the like) usu- 
ally results in noise reductions. ‘The 
simplest turbo installation may not 
give appreciable reductions but the 
more complicated compounding, where 
energy is actually delivered to the 
drive shaft, is expected to result in ap- 
preciable reductions. 


Exuaust Locations. Progress has 
been made in use of the wing and 
nacelles to shield noise which would 
otherwise be airborne from the source 
to the cabin wall. Such shielding can 
be emploved to prevent radiation of ex- 
haust noise to the ground. 


Jet Power. The effect of jet planes on 
the ground hearer is not certain. The 





ee 


National Advisory Committee for Acronauties 


fuselage (center), the same size propeller mounted on an electric motor (left), 


and two of the propellers in a tandem mounting which gave the effect of a 
four-blade propeller, also on an electric motor (right). The two-blader on the 
plane had a 100 decibel sound rating, at 2160 rpm. The four-blader turned 
at only 1600 rpm. to absorb the same power, with an 84 decibel noise level. 
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high frequencies are usually lower, and 
the time the noise is heard is reduced. 


Propeller Design 


In discussions held by N.A.C.A. at 
Langley Field, Virginia, the difference 
between sounds of a two-blade and an 
propeller of the same 
demonstrated, by play- 

The eight-blade pro- 
sound 


eight-blade 
diameter 
ing recordings. 
created a much 
It turned at only one-third of 


was 
peller lower 
le el. 
the speed of conventional propellers, but 
In actual demon- 
four- 


is just as powerful. 
illustration) a 
exhibited convincingly 


stration (see 


blade 
] 


propeller 
ess noise. 

A chart showed that an eight-blade 
propeller would require 
8 percent more takeoff run, than a 
two-blade fixed pitch, but that if the 
propellers had variable pitch, the eight 
blader showed a 4 percent shorter take- 
off distance than the two-blader, in ad- 
dition to the noise reduction. The most 
often voiced objection to the eight-blade 
propeller proposal for light-planes, its 
weight and complexity, was countered 
by a statement that individual blades in 
the eight-blader could be lighter be- 
cause of less individual stress, and that 
a two-position pitch eight-blade propel- 
simple to de- 


fixed pitch 


ler would be relatively 

SHAT 
Research progress on jet-operated 

propellers, which would eliminate con- 


ventional engines, indicated definite pos- 





Ryan stainless steel muffler for light planes, installed on the left-side cylinder 


bank. 
muffles engine exhaust. 
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sibilities, but could not yet be recom- 
mended for actual use. Air drawn 
through the propeller hub is mixed with 
fuel and the mixture is expelled through 
jets on the propeller tips, turning it. 


Engine Noise 


Engine noise can be reduced by using 
“exhaust ejectors.” Exhaust jets pull 
air through a funnel-shaped ejector be- 
hind the engine. The funnel muffles 
exhaust noise without the power loss 
which makes plane users dislike con- 
ventional mufflers. Cool air pulled over 
the engine reduces the danger of over- 
heating. 

An advance in this field is the develop- 
ment of a lightweight stainless steel 
muffler for 65 to 85 hp. aircraft en- 
gines, by the Ryan Aeronautical Com- 
pany. The muffler incorporates in its 
design four functions: (1) A complete 
exhaust system, (2) a muffler which is 
claimed to eliminate 90 percent of the 
engine noise, (3) provision for heating 
the carburetor air, and, (4) provision 
for delivering heat to the cabin for 
passenger comfort. 

Mufflers allow the airplane engine 
exhaust gases to cool momentarily and 
dissipate in an expansion chamber be- 
fore they are released to the 
air. This reduction in velocity decreases 
the loudness of their “pop” as they ex- 
pand into the air. Frequently, however, 
this causes a back pressure which pro- 
duces loss of power, but in the Ryan 


outside 


The unit provides warmed cabin air (through flexible tubing), and 













muffler loss is less than 2 percent. 

Development of a compact and light- 
weight sound level meter, used to de- 
termine the degree of no'se in an air- 
plane cabin, has been disclosed by the 
Aircraft Industries Association. Pre- 
liminary design for the instrument was 
prepared by H. L. Ericson, Douglas 
acoustical engineer, who began research 
into measurement of noise levels in 
the Harvard electro-acoustic laboratory 
during the war. It consists essentially 
of a microphone, an amplifier and fil- 
ters which permit readings to be made 
in objectionable portions of the sound 
spectrum. The meter is to be approx- 
imately the size of a briefcase which 
can be carried easily by one man dur- 
ing normal operation of any airplane. 
Another important advantage is that 
the new meter will standardize the 
method of testing aircraft noise levels. 
It will be useful both in determining 
the degree of sound within an airplane 
and in studying means of reducing air- 
craft noise heard on the ground. 


Ultrasonic Materials Tester 
Developed by G.E. 


“SEEING” THROUGH METAL with sound 
waves which vibrate at a rate of mil 
lions of times a second, has been accom 
plished by General Electric engineers. 
Using an ultrasonic materials tester 
which employs a wide range of vibra- 
tion rates or frequencies to peer inside 
solid objects, sound experts find it pos 
sible to detect flaws in such materials as 
metals, plastics and ceramics, in some 
cases even more effectively than with 


X-ray. 
H. E. Van Valkenburgh, of G. E.'s 
General Engineering and Consulting 


Laboratory, who directed the develop- 
ment of the new device, pointed out that 
much can be gained in quality of in- 
dustrial products when flaws in mate- 
rials can be indicated with certainty. 

The new tester comprises in a single 
unit a complete ultrasonic wave trans- 
mitting-receiving system. The high fre- 
quency sound waves it uses are consid- 
erably above the range of audibility for 
the human ear. 

The device is expected to be of spe- 
cial value on an assembly line, where 
products may be sample-tested periodi- 
cally to assure that quality is up to 
standard. The- engineer stresses the 
possibility of detecting a variety of in- 
ternal flaws, such as cracks, 
porosity, laminations, poor bonds, and 
others. In addition to the testing of 


voids, 


solids, such properties as viscosity, com 
pressibility, and density of liquids can 
be monitored continuously. 
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RESEARCH NOTES 





Army Ordnance-University 
Gage Laboratories 


Army Ordnance gage laboratories in 
universities had their origin in the pro- 
curement planning of the Ordnance 
Department between the two World 
Wars. The unsatisfactory gage ex- 
perience of the Ordnance Department 
during World War I indicated the 
necessity for having available estab- 
lishments equipped for precision mea- 
surement and known as gage labora- 
tories. 

[he need for experienced personnel 
for gage laboratory duties in arsenals 
and Ordnance Districts was realized 
early by the Ordnance Department, and 
plans were formulated to provide the 
districts with gage laboratories through 
the formation of an Ordnance Educa- 
tional Institution Team. In 1930, the 
first gage laboratory was established 
in the San Francisco Ordnance Dis- 
trict at Stanford University with equip- 
ment obtained from excess stocks avail- 
able in the arsenals. Strenuous efforts 
on the part of personnel conscious of 
the need for adequate gage laboratories 
resulted in the establishment of eight 
additional gage laboratories in universi- 
ties before 1940, although excess equip- 
ment in the arsenals was not available 
in sufficient quantities and Ordnance 
funds during the thirties did not per- 
mit large expansions without special 
appropriations. 

The cooperative arrangements under 
which the laboratories were established 
resulted in many mutual benefits to 
the Ordnance Department and the uni- 
versity. To the Ordnance Department 
these laboratories served as a war re- 
serve to insure the availability of gage 
laboratory equipment for outfitting 
laboratories in the Ordnance Districts 
at the beginning of World War Il. 
Equally as important, they served as 
training institutions for gage labora- 
tory personnel so necessary in estab- 
lishing a highly effective ordnance gag- 
ing system. By the end of 1945, 25 
gage laboratories had been established 
in universities throughout the country. 

Gages are the key to successful in- 
terchangeable manufacture. Since all 
quantity manufacture is based on inter- 
changeability, it is of paramount im- 
portance to provide ordnance inspectors 
with accurate gages. 

It is evident from experience of the 
past two wars that the demand for 
gages will be ever increasing, since the 
skill of the inspector must be "built 
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An Ordnance-university gage laboratory, where precision is the watchword. 


into" the gage, so that inexperienced 
help can be used for the inspection 
phase of the war effort. Gaging has 
become a complex science and it is 
desirable that the knowledge gained by 
the personnel of gage organizations dur 
ing wartime be perpetuated in time of 
peace for immediate application in case 
of another emergency. The problem of 
obtaining sufficient numbers of skilled 
gage personnel is relatively simple under 
the Ordnance Educational Team pro- 
gram of gage laboratories. The re- 
serve skill trained under this program, 
together with the gage personnel of 
the various manufacturing arsenals, 
would be of sufficient strength to take 
care of calculated future requirements. 
Ordnance has reaped dividends from 
the prewar university gage laboratory 
program and if a need again should 
present itself, the following benefits 
would become evident immediately: 

1. Availability of sufficient trained 
personnel in gages. 

2. Immediate availability of sufficient 
precision measuring equipment. 

3. Immediate availability of a source 
of gage knowledge in each district for 
the guidance of contractors not having 
previous experience in the gaging neces- 
sary for interchangeable manufacture. 

4. An immediately available source 
of precision measurements necessary for 
the adequate surveillance of gages. 


Yale-G.E. Joint Research 
On Guided Missile Controls 


To permit ground testing of guided 
missile controls, a flight simulator or 
dummy rocket for duplicating flight 
characteristics of a rocket missile is 


under development as part of General 
rocket research program. 
The simulator will couple an intri 


Electric's 


cate calculating machine with a mechan 
ical arrangements of gymbals driven 
by servomechanisms. When completed 
the guiding equipment to be used on 
any new type of rocket can be attached 
to the dummy rocket and tested in 
the same maneuvers through which the 
rocket will be directed when actually 
launched. 

In addition, research on controls for 
the simulator is being conducted by 
the Dunham Laboratory of Electrical 
Engineering at Yale University in con- 
junction with the G. E. program. The 
project at Yale, under the direction 
of John L. Bower, Assistant Professor 
of Electrical Engineering, will be com 
plicated by the fact that the necessarily 
compact design of a rocket missile and 
the tremendous forces acting upon it 
in flight which may amount to milliors 
of horsepower, require controls which 
are exceedingly rapid in their re 
sponse. This, in turn, makes necessary 
her performances in the test- 
ing equipment. The characteristically 
complex motion of the missile when 


even hig 


travelling at supersonic velocities has 
made it essential to improvise and de- 
velop new devices for making the de 
sired determinations. 

The research will be concentrated on 
testing the complicated control de 
vices which keep guided missiles on 
their course by manipulating the vanes 
that direct the flow of escaping jet 
gases from the missile in its flight. 
Construction of a dummy rocket will 
allow engineers to reproduce the roll 
ing and pitching of a real rocket as it 
responds to its control vanes in flight. 
The test device will permit great 
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economies in rocket development and 
production, eliminating the need for 


expensive test shots. 


New Magnetic Alloy 
for Lightweight Motors 


A NEW ALLOY that carries more mag- 
netism than any other alloy practical 
for use in motors and generators and 
is tough enough to withstand intense 
vibration has been developed by the 
Westinghouse Research Laboratories. 
Made of 35 percent cobalt—64 percent 
chromium, the 


iron—1 percent new 
alloy, “Hiperco,” will make possible 
electric motors and generators an es- 


timated 10 percent smaller and lighter 
than those of equal power now built 
for aircraft. The high magnetic satura- 
tion point of Hiperco will permit the 
design of motors with less metal for 
the same power, or more power from 
the same amount of metal. 

early samples of Hiperco were too 
brittle to be of However, 


a method of rolling was devised which 


great use. 
enables production of a tissue-thin strip 


of metal tough enough to withstand 
intense vibration and yet ductile enough 
to be bent double without breaking. 
Formerly the metal was hot-rolled and 
allowed to cool slowly, but unlike ordi 
narv iron and steel, cobalt-iron becomes 
this 


brittleness can 


brittle when it cools in manner. 
It has been found that 
either by 


be avoided quenching the 


alloy in cool water or by continuous 
rolling, while the hot metal cools. 
With the quenching method in use, 
Hiperco ingots are rolled into slabs two 
to three inches thick, reheated to a 
high temperature, and rolled again to 
a thickness of one-tenth of an inch. As 
from the last set 


a trough of 


the strip emerges 
of rolls, it plunges into 


cooling water. 'The cool metal then 
goes through a cold rolling process 
which can further reduce its thicknes 


to as little as one two-thousandth of an 


inch. For most motor and generator 
applications, however, thickness of ap- 
proximately one two-hundredth of an 
inch is sufficient. 

Mineralogists now are searching for 
new supplies of cobalt in the United 
States, Canada and China. If they 
should find a sufficient supply, it is 
claimed that Hiperco might replace 
other metals in many types of motors 
and Today, however, its 
cost limits its use to such applications 
as aircraft, where savings in weight 
and size are operating cost factors. 

To increase production facilities for 


this metal, an improved, small rolling 


generators. 
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Dr. Trygve D. Yensen of the Westing- 
house Research Laboratories, who de- 


veloped the material in collaboration 
with Mr. J. K. Stanley, is shown hold- 


ing samples of Hiperco. Dr. Yensen 
holds in his right hand a Hiperco part 
for an aircraft generator, and in his 
left a strip of the material. 


mill is being installed at the Westing- 
Research Laboratories to per- 
form the cold rolling part of the proc- 
ess. This mill actually will have a 
production capacity of more than 1,000 
lb. a day and will provide 
Hiperco to meet early needs. 


house 


enough 


National Conference 
On Industrial Hydraulics 


PLANS ARE WELL UNDERWAY for the 
National Conference on Industrial Hy- 
draulics to be held in the Hotel Con- 
tinental, Chicago, October 16 and 17, 
1947. At a recent meeting of the execu- 
tive committee for the conference, a 
program committee was selected with 
representatives from the American So- 
ciety of Mechanical Engineers, Ameri- 
can Society of Civil Engineers, Western 
Society of Engineers, Society of Auto- 
motive Engineers, and Illinois Institute 
of Technology. 

It is anticipated that the 1947 ses- 
sions will be held on the general sub- 
jects of cavitation, fluid transmissions, 
hydraulic oils and other industrial ap- 
plications of hydraulics. 

This conference was formerly called 
the Conference on Hydraulic Machin- 
ery; it is planned to meet the needs of 
engineers working in the field of indus- 









trial hydraulics, and to foster between 
industrial and educational groups an 
interchange of ideas, methods of ap- 
proach and techniques covering funda- 
mental aspects and recent developments 
in this field of engineering. 

Suggestions regarding the subjects 
and speakers for this conference are in- 
vited. Correspondence should be ad- 
dressed to V. L. Streeter, Armour Re- 
search Foundation, 35 West 33rd 
Street, Chicago, Illinois. 


Challenge of Light Metals 
Discussed at A.I.M.E. Meeting 


ALUMINUM AND MAGNESIUM will 
move into serious competition with steel 
in American industrial development, the 
president of the American Institute of 
Mining and Metallurgical Engineers 
predicted at the A.I.M.E. annual meet- 
ing in New York. The prediction was 
made in a paper prepared by Louis S. 
Cates, president of the A.I.M.E. and 
of the Phelps Dodge Corporation, in 
collaboration with Howland Bancroft, 
mining consultant. 

"Aluminum and magnesium," Mr. 
Cates wrote, "and their alloys are be- 
coming of vast importance in our in- 
dustrial development and for many pur- 
poses bid fair to become competitive 
with steel and to a lesser extent with 
other metals. There appears to be an 
inexhaustible supply of both in and on 
the earth, and . people are slowly 
but surely appreciating the fact that 
much of the equipment and many of 
the tools they use might be just as 
effective and considerably more efficient 
if manufactured of metals lighter than 
steel." 

Mr. Cates' paper was presented dur 
ing the World Conference on Mineral 
Resources. In his paper, he referred 
also to the "most revolutionary develop- 
ment in geophysical prospecting for 
mineral deposits"—the air-borne mag- 
netometer operated from a helicopter. 
This device was the subject of a tech 
nical paper by Hans T. Lundberg, of 
Toronto. The magnetometer is a device 
that gauges underground ore deposits 
by variations in magnetism on the sur- 
face. Mounted in a helicopter which 
hovers at tree-top level, the magneto- 
meter surveys in one hour an area that 
would take ten weeks on foot. 

Other addresses were by Robert E. 
Wilson, chairman of the board of Stan- 
dard Oil Company of indiana, and Zay 
Jeffries, vice-president of the General 
Electric Company. Mr. Jeffries spoke 
of the impetus that nuclear physics will 
give to alloy research. 
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WASHINGTON NOTES 





Status of Professionals 
In Wagner Act Revisions 


Six national engineering societies 
have thrown their support behind Sen- 
ator H. Ball’s proposed amendments 
to the Wagner Act, which would guar- 
antee separate status for professional 
employees in bargaining. 


Wagner Act Changes—In testimony 
before the Senate Labor Committee, 
representatives of the engineering 
societies specifically endorsed sections 
of Senator Ball’s Bill, S.360, which 
would assure professional and so-called 
"junior" professional employees the 
privilege of forming their own bargain- 
ing unit, selecting their own bargaining 
agent, separating themselves from non- 
professionals, and refusing union mem- 
bership without in any way jeopardiz- 
ing their jobs. 

Enactment of these changes in the 
Wagner Act will depend largely on 
how extensive an operation Congress 
performs on this eleven-year old law. 
Views of all six groups were given 
the committee, of which Senator Ball 
is a member, by E. Lawrence Chand- 
ler of Washington, Eastern representa- 
tive of the American Society of Civil 
Engineers. Mr. Chandler is serving as 
chairman of a panel, which also in- 
cludes the American Society of Chemi- 
cal Engineers, the American Society of 
Electrical Engineers, the American 
Society of Engineering Education, the 
American Society of Mechanical En- 
gineers and the National Society of 
Professional Engineers. The six so- 
cieties represent a total of 100,090 
members. 

Asserting that the Wagner Act was 
intended primarily for unskilled work- 
ers, Chandler pointed out that the en- 
gineering societies have endeavored, 
“with regrettably little success, to 
chart courses of conduct which will 
permit such employees to enjoy the 
opportunities apparently intended un- 
der the provisions of the Wagner Act 
and to avoid the pitfalls into which, 
from time to time, they have fallen 
to their detriment.” 


NACA Icing Research 
Seeks Jet Solutions 


Early solution to the now critical 
icing problem in axial flow jet en- 
gines is seen as a result of the Na- 
tional Advisory Committee for Aero- 
Nautics icing research program now 
in its final stages at NACA’s Cleve- 
land and Moffet Field Laboratories. 
Axial flow jets, favored by American 
designers, are particularly vulnerable 
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to icing in the compressor, because 
of the large frontal opening of the 
air intake, and the straight unimpeded 
flow of air to the compressor. The 
NACA program is working along two 
lines to combat compressor icing: An 
inertia separator, and a warm air blast 
into the intake tube before incoming 
cold air reaches the compressor. 


Inertia Separator—The inertia separa- 
tor has already been successfully tested 
on reciprocating engines and will get 
its first commercial use on the Con- 
vair model 240 transport. It makes 
use of a bend in the air intake, which 
is too sharp for particles of snow, 
freezing rain, or moisture laden drop- 
lets to follow. Its application to jet 
powered planes will probably involve 
design changes in air scoops with a 
trend toward intakes built flush with 
the fuselage or nacelles. 

Another NACA lead that shows 
promise involves piping jet engine ex- 
hausts back to the air intake tube, to 
heat incoming cold air before it hits 
the compressor. This is a variation of 
the NACA thermal de-icing system 
that will be standard euqipment on 
commercial transports and bombers. 


Testing—Initial service testing of the 
DC-6] airplane, equipped with the 
NACA thermal de-icing system, has 
indicated a need for de-icing techniques 


for antennas, radio masts and wind- 


‘TESTING TIRES ON AUTOMOBILES going 
long distances at high speeds requires 
device to compensate for circular driv- 
ing on available test course on dry lake 


near Lancaster, Calif. U.S. Rubber 
Co. engineers solved problem by design- 
ing plane wing section which creates 
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shields. A specially equipped B-24 
is operating out of Cleveland, testing 
new electrical devices to solve these 
icing problems. 

Indications are that all high speed 
aircraft will have internal antennas 
because of structural failure and loss 
of operational efficiency under severe 
icing conditions. Windshield ice can 
be prevented by early application of 
electrical heat through a salt-impreg- 
nated plastic layer between panels of 
glass. Once ice has formed in quan- 
tity, it is extremely difficult to remove, 
even with high temperatures. 

Since the NACA thermal de-icing 
system has been designed from purely 
theoretical data, the main burden of 
icing research is being directed toward 
measurement of exact ugantities of 
heat necessary on particular surfaces 
during a variety of icing conditions. 
Definite design parameters for thermal 
de-icing on conventional air foils 
should be available to manufacturers 
and airlines before the end of the year. 


Eliminating Duplication 
In Military Procurement 


Streamlining of military procurement 
is one subject on which all parties 
and services agree. They want Fed- 
eral procurement agencies to continue 
the wartime practice of negotiating 





inward thrust to counterbalance cen- 
trifugal pull on turns which test cars 
take at 90 mph. Air foil, when attached 
vertically to side of car develops side 
thrust just as airplane wing develops 
lift, thus allowing wear on tire treads 
to be equal on all four wheels. 
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contracts, whenever the public interest 


will be better served, instead of the 
use of the outdated advertise-for-bids 
system. 


Last vear the Army and Navy, argu 


ing that termination of emergency 
powers would bring up unnecessary 
obstacles, in the form of prewar pur- 


hasing regulations, wrote a joint bill 
[t has been brought up again in this 
session of Congress (H.R.1366 and 
S.222) and a subcommittee has passed 


Armed Services 
Military pro 


the House 
Committee for approval 


it on to 


curement officials indicate that they 
expect “excellent bi-partisan coopera- 
tion.’ Ihe Senate committee has not 


hearings 
bulk of military purchasing still 


et scheduled 

MIT 
would be 
but the bill would permit negotiations 
of contracts under the following condi 
In a national emergency; when 
a contract is for research and develop- 
when the purchase or job 
when buying 
advertising is for 
standardization and inter-changeability 
of parts; when special quality must be 
obtained; when bids received are dete 
when 


contracted for on a bid basis, 


tions 
nent work; 
is classified for security; 


without necessary 


mined being unreasonable; 
facilities of certain producers must be 
supported for emergency; for profes 
sional medical supplies, sup 


for 


as 


services, 

purchased 
goods, 
United States, and orders not exceed 
ing 500 dollars. 

The bill declares as policy that pur 
chases shall be split, whenever feasible, 
handling by small business It 
that agency heads may ad 
vance payment on negotiated contracts. 
Usual of negotiated deals are 
approved, except for the cost-plus-per 
The fee in cost- 


plies resale, perishable 


goods purchased outside th« 


fe r 


provides 
types 


centage-of-cost ty pe. 


plus-fixed-fee contracts, shall not ex 
ceed 10 percent, allowing 15 percent 
for experimental work 


Consolidation of Patent Office 
Seen Immediate Need 


CONSOLIDATION OF THE PATENT Ot 
FICE into one unit in the Department of 
Commerce Building as soon as possible, 
with an increase in personnel and facili 
ties to speed up action on new applica 
i National As- 
Patents 


tions, is recommended by 
sociation of Manufacturers’ 
and Research Committee. 

A special subcommittee of the NAM 
group investigated the facilities of the 
Patent Office in cooperation with Pat- 
Ooms. The com- 


ents Commissioner 


mittee reported that patent applications 
are being filed at the rate of 100,000 
a year, about twice the number received 
during any of the war years. The back- 
log is increasing rapidly and there are 
now about 135,000 applications await- 
ing action. This situation is due in part 
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to the transfer to Richmond of most 
of the personnel at the beginning of the 
war, as a large part of the space origin- 
ally designed for the Patent Office in 
Washington was released to other Gov- 
ernment bureaus. Since the war, some 
sections have been trarsferred to space 
vacated in the Commerce Building by 
other the 
rest to Gravelly Point, Va., four miles 
distant. 

The operation of the Patent Office 
has been retarded by this division. Great 
inconvenience has been caused inventors 
and industry as, in most cases, it takes 
approximately one and one-half years 


Government agencies, and 








before a new application is acted upon. 
This has caused delay in the introduc- 
tion of new inventions 

The NAM report recommends that 
the two sections of the Fatent Office 
be reunited in the Department of Com- 
merce Building as soor as possible in 
at least the space originally designed 
for it; that support be given Commis- 
sioner Ooms in his effort to increase the 
personnel from its present number of 
1,600 to 2,000, divided between tech- 
nical and clerical personnel; and fur- 
ther that the necessary funds to cover 
the increase in facilities be made avail- 
able at once. 





New Pyrometer for Gas Turbines and Jet Engines 


WITH THE RECENT DEVELOPMENT Of 
gas turbines and jet engines as practi- 
cal power plants has come a need for 
accurate and responsive temperature- 
sensing instruments. Such instruments 
would serve not only for evaluating 
engine efficiency, but also for protecting 
experimental and service equipment 


from damage by excessive temperature 
of various parts. An improved pyrome- 
ter for measuring the temperatures of 
high-temperature 


these high-velocity 









porcelain 
insulator 








I 
ls i 
t 
--S//ver 
Y shield 
0.04 "i 


Diagram of A Silver 
Shielded Junction 






The junction is inserted !/, in. into 


a silver tube in. long that is 
slightly flattened. A thin mica strip 
is inserted within the silver tube on 
each side of the junction and the as- 
sembly is pressed to form a rigid unit 
with n thermal contact between 
shield and junction. The maximum 
width of the completed shield need 
not exceed the diameter of the por- 
celain tube used for insulating the 
thermocouple wires from each other. 





gas streams has been developed b; 
Andrew I. Dahl at the National Bu- 
reau of Standards in cooperation with 
the Bureau of Ships, Navy Depart- 


ment. 

The new pyrometer consists essen- 
tially of an ordinary thermocouple 
junction around which is pressed a 


small, light, silver shield. The main 
problem in measuring the temperature 
of the hot gases is preventing the trans- 
fer of heat to or from the thermocouple 
junction by radiation. The shields for- 
merly used for this purpose are not 
only bulky, and slow to respond to 
changes in temperature, but also offer 
considerable obstruction to the stream 
of The use of a silver shield 
overcomes these limitations since silver, 
being a good reflector and a poor 
emitter for radiant heat energy, keeps 
the temperature of the shielded junc- 
tion nearly the same as that of the 
The new device was found ac- 
curate to within 5 deg. F. in experi- 
ments utilizing a stream of gas at 1500 
deg. F. flowing with a velocity at 250 
ft. per sec. through a pipe with walls 
at 1200 deg. In addition to high ac- 
curacy, laboratory tests indicate that 
this pyrometer responds quickly to 
changes in temperature, is simple to 
construct and easy to install, and that 
the new junction creates a minimum of 


gas. 


gas. 


disturbance to gas flow. 

The maximum dimension of the 
shielded junction need not exceed the 
diameter of the porcelain tube used to 
insulate the thermocouple wires from 
each other. Various types of steel pro- 
tecting tubes can be used to protect 
the unit without of accuracy or 
sensitivity. Several of the new instru 
ments have been constructed and sent 
to commercial turbine manufacturers 
for service tests in operating turbines 


loss 
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Electronic Crystal Clock 
For Accurate Time Signals 


DEMAND FOR TIME INTERVAL signals 
accurate to a microsecond, led to the 
development of the crvstal clock, utiliz- 
ing electronic circuits instead of conven- 
tional clock mechanisms. Developed by 
the National Bureau of Standards, the 
crystal clock is now broadcasting second 
time pulses throughout the world—the 
only continuous time signal service pro- 
vided by any country. One or more of 
the frequencies broadcast continuously 
can be received on the usual short-wave 
radio receiver. These highly 
time signals are providing an expanding 


accurate 


service to scientific laboratories, schools, 
and industry. 

The 
clock 


quartz with series resonance frequency 


crystal 
flawless crystal of 


heart of the Bureau's 


consists of a 
of approximately 


100,000 or 200,000 


cycles per second. By electron-tube cir- 
cuits the crystal is continuously 
lated and the resulting frequency is 
divided with no loss of accuracy to 60 


oscil - 


cycles per second. 
The 


quency of the 


accuracv of the fre 
crystal 


absolute 
oscillator is at 
present within a few parts in one hun- 
dred million. The length of a one sec 
ond interval as broadcast is 
to one microsecond. 

The Bureau depends upon the Naval 
Observatory to supply the absolute time 
and the time signals are broadcast from 
the Bureau’s radio WWV at 
Beltsville, Maryland. 

The quartz crystal of the clock is 
cut to a certain size and at an angle to 
the axis of the mother crystal to give 
the desired frequency and temperature 
coefficient. The rate of the crystal 
clock depends on the temperature, pres- 
sure, and humidity of the air around 
the quartz plate. 

There are 


accurate 


station 


differences between the 
crystal clock and the conventional pen- 
dulum clock. The pendulum clock is 
affected by changes in the gravitational 
constant to such an extent that changes 
in water level in the ground or the 
i the clock is near 
shore may result in a measurable change 
in rate. 


tides when the sea 
Such changes in gravity pro- 
no noticeable effect on the 
of the crystal clock. 
ompare crystal 


duce rate 


It is possible to 
high fre- 
quencies to determine erratic behavior 
ccurately. This 
with pendulum clocks. 


clocks at 


has not been done 

There are many peacetime uses for 
frequency and time services other than 
hecking the operation of time pieces. 
The accurate measurement of time is 
f importance to schools and universi- 
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PHOTO-ELECTRIC CELL 


-D’ 1s- 


VERTICALLY 
ACTUATED 
FRAME 
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ELECTRONIC VOLTMETER 


ROTATING ORUM 





National Bureau of Standards 100 kilocycles standard frequency oscillator 


provides constant frequency controlling the crystal clock. 


Quartz crystal- 


unit, in evacuated container, and part of oscillator circuit arrangement are 
shown in temperature controlled compartment. Layers of aluminum and felt 
are used to obtain extremely uniform temperature. 


manufac- 
turers, and users of radio communica- 
tions equipment; which 
are widely separated and make auto- 
mate recordings of astronomical phe- 
nomena and motions of earth; power 
companies which continuously check the 


scientific laboratories, 


ties, 


observatories 


frequency of power generated at 
widely separated stations; communica- 
tions companies which regularly trans- 
mit photographs by wire or radio; and 
certain radio broadcast companies which 
synchronize program features from 
various countries. 





First Commercial Use 
of Turbosuperchargers 


FIRST APPLICATION of 


General 


COMMERCIAL 

Electric’s turbosuperchargers, 
which were used extensively during the 
war to give U. S. fighter planes and 
bombers increased power and altitude, 
will be on 50 Boeing Stratocruisers to 
be built for world airline operations. 
G.E. has that the Boeing 
Aircraft Company has ordered 200 tur- 
bosuperchargers to be installed on the 


announced 


Stratocruisers. 


The turbos will be housed in the 
nacelles of the huge 3500-hp Pratt and 
Whitnev engines. Smaller and lighter 


in weight than the installations used in 
B-29 bombers, thev are designed to sup- 
ercharge the engines during flight but 
not during takeoff. 
to save 


They are expected 
fuel 
consumption at cruising altitudes, which 
will result in 


up to I4 percent in 
a substantial decrease in 
operating costs and an increase in the 
range of the plane. 

Designed to fly 
15,000 and 


at altitudes between 


30,000 feet, the Strato- 


cruiser will carry up to 114 passengers, 
while 50 to 80 passengers will normally 
be accommodated on trans-continental 
or trans-oceanic trips. The plane has a 
wing span of 141 ft. and an over-all 
length of 110 ft. Take-off weight is 
135,00 pounds. 


Great Interest Shown in Lincoln 
Design-for-Progress Award 


INQUIRIES FROM EVERY STATE of the 
union and from 27 foreign nations in- 
dicate an unprecedented interest in the 
A ) 

Award Program 
sponsored by The James F. Lincoln 
Arc Welding Foundation of Cleveland, 
Ohio. 


purpose of 


Design-for-Progress 


‘The program, having the double 
stimulating scientific re 


search and design involving are weld- 
ing and of making the results of these 
generally, closes on 


studies available 


June 1, 1947. The present program pro- 
vides 452 awards totaling $200,000 for 
papers embracing every field of industry 
and research where arc welding may be 


applied. It covers 15 classifications and 
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43 divisions, which have been estab- 
lished to permit wider participation of 


entrants. 


Steel Analysis Made 
On the Spot 


ON-THE-SPOT STEEL ANALYSIS is 
routine at the Rouge plant of the Ford 
Motor Company, thanks to a mobile 
laboratory unit designed and developed 
by the company's chemical and metal- 
lurgical research department. 


now 


The new unit, already paving rich 
time is used 
mainly for the rapid semi-quantitative 


dividends as a saver, 1s 
analysis of incoming carloads of steel 
scrap and kindred operations in which 
The technique 
transport- 


time is of the essence. 


eliminates the necessity of 
ing the samples of steel scrap to the 
chemical laboratory, obtaining drillings, 
and analyzing them chemically. A port- 
able spectroscope prov ides a method of 
analysis by visual inspection on location. 

Mounted on a Ford panel delivery 
truck, the special equipment consists of 
a spectroscope, chemical spot testing and 
color carbon test equipment, a portable 
grinder for spark testing, and a gaso- 
line-driven 


generator as a source of 


power. 


ECPD Annual Report 
Shows Expanded Activities 


Ink ENciNEERS' CovNciL for. Pro- 
fessional Development, in its recently- 
indicates definite 
coordination, 
Expanded activities are noticeable, espe- 


issued annual report, 


advances in engineering 
cially in the extension of the program 
of the and Guidance 
Project in Engineering Education. An 
innovation was demonstrated, in the 
program of accrediting technical insti- 


Measurement 


tutes, Headquarters of the ECPD are 
at 29 West 39th Street, New York 
I8, N. Y. 


ASA Involute Spline 
Standard Described 


A NEWLY REVISED AMERICAN STANDARD 
covering involute splines, major coup- 
ling elements used in connection with 
gears and shafting, and covering com- 
mercial shaft from the 
industrial installations to 


largest 
fine aircraft 
and instrument splines, is described in 
the March industrial Stand- 
ardization, magazine of the American 
Standards The 


sizes 


issue of 


Association author, 


S. O. Bjornberg, consulting engineer of 
the Illinois Tool Works is chairman of 
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Technical Committee 13, on Involute 
Splines, of the ASA Sectional Com- 
mittee on Small Tools and Machine 
Tool Elements (Bs). 

Mr. Bjornberg points out that the 
current revised standard presents wide 
advances over the previous standard. 
One of these is the reduction to 15 in 
the number of hobs necessary to cut the 
new series of splines, from the 285 
hobs required under the 1939 version 
of the standard. The revised American 
Standard for Involute Splines, BS. 15- 
1946, is available at the office of the 
American Standards Association at $1 
a copy. 





—— À À Á— 





Gear Theory Explained 
In New Motion Picture 


GEAR DESIGN, theory, production and 
inspection are described in a new in- 
dustrial film issued by the Fellows Gear 
Shaper Company, Springfield, Vermont. 
A novel animation technique utilizing 
polarized light shows the nature of gear 
tooth action. Stresses in perfect and 
imperfect gears are shown up by means 
of specimen gears of transparent acrylic 
plastic. Arrangements can be made for 
free private showings of the film at 
local offices of the Fellows Company; 
duplicate prints can also be purchased. 





RECENTLY ELECTED SOCIETY OFFICERS 


Association of 
America Inc, 610 Shoreham  Bldg., 
Washington 5, D.C. President—Maj. 
Gen. Oliver P. Echols; Vice President 
—H.M. Horner, United Aircraft Cor- 
poration; Chairman of the Board— 


Aircraft Industries 


E. E. Wilson, United Aircraft Corpo- 
ration. 
American Chemical Society, 1155 


l6óth St, N. W., Washington 6, D. C. 
President—Dr. Charles Allen Thomas, 
Monsanto Chemical Company. 


American Society for Engineering Edu- 
cation, University of Pittsburgh, Pitts- 
burgh, Pa. President—H uber O. Croft, 
Iowa State University; Vice President 
(general and regional activities) —Earle 
B. Nossis, Virginia Polytechnic In- 
stitute; Vice President (instructional 
divisions) —C. J. Freund, University of 
Detroit; Treasurer—James S. Thomp- 
McGraw-Hill Book Co. 





son, 


Institute of the Aeronautical Sciences, 
2 East 64 Street, New York 21, N. Y. 
President—Preston R. Bassett, Sperry 
Gyroscope Co., Inc.; Vice Presidents— 
Luis De Florez, Naval Research Com- 
mittee; John K. Northrop, Northrop 


Aircraft Inc.; Wellwood E. Beall, 
Boeing Aircraft Co.; Rex B. Beisel, 
United Aircraft Corp.; Treasurer— 


Burdette S. Wright, Curtiss Wright 
Corp. 


Mechanical Packing Association, 17 
John St., New York, N. Y. President— 
Elmer L. Spence, United States Rub- 
ber Company; Vice President—A. W. 
Swartz, Linear, Inc.; Secretary Treas- 
urer—F. H. Luhrs. 


Metal Powder Association, 420 Lex- 
ington Ave., New York 17, N. Y. Presi- 
dent—H. E. Hall, Metals Disintegrat- 
ing Co.; Vice President—S. K. Well- 
man, S. K. Wellman Co.; Secretary 
Ireasurer—F. E. Wormser; Chairman 
of the Board of Directors—P. E. Wein- 
gart, American Metal Company, Ltd. 
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Society of Automotive Engineers, 29 
W. 39 St, New York 18, N. Y. Presi 
dent—C. E. Frudden, Tractor Div., 
\llis-Chalmers Mfg. Co.; Vice Presi- 
dents—Air Transport, Harold R. Har- 
ris, American Overseas Airlines, Inc.; 
\ircraft, James M. Shoemaker, Chance 
Vought Aircraft Div. United Aircraft 
Corp.; Aircraft Powerplant, Carl T. 
Doman, Aircooled Motors, Inc.; Body, 
Rudolph I. Schonitzer, Schonitzer En- 
gineering Co.; Diesel Engine, George 
M. Lange, Fuel Injection Div. Ex- 
Cell-O Corp.; Fuels and Lubricants, 
John M. Campbell, Research Labora- 
tories Div. General Motors Corp.; Pas- 


senger Car, W. H. Graves, Packard 
Motor Car Co.; Production, Stephen 
Johnson, Jr., Bendix-Westinghouse 


\utomotive Air Brake Co.; Tractor 
and Farm Machinery, B. G. Van Zee, 
Automotive Div. Minneapolis Moline 
Power Implement Co.; Transportation 
and Maintenance, D. K. Wilson, New 
York Power & Light Corp.; Treasurer 
—B. B. Bachman, Autocar Company. 


Society of Plastics Engineers, Theatre 
Building, Birmingham, Mich. Presi 
dent—Thomas E. Orr, Plastics Engi- 
neering, Inc.; Vice President—J. H 
DuBois, Shaw Insulator Company; 
Treasurer—P. R. Marvin, Milwauke: 
Gas Specialty Company; Secretary— 
T. E. Richards, Midwest Molding & 
Mfg. Company. 


Plastics Materials Manufacturers As- 
sociation, Tower Building, Washing 
ton, D. C. President—]ohn R. Hoover, 
B. F. Goodrich Chemical Company; 
Vice President—Dr. D. S. Frederick, 
Rohm & Haas Company; General 
Manager—F. H. Carman; Secretary 
Treasurer—John E. Walker. 


Resistance Welder Manufacturers As- 
sociation, 505 Arch St., Philadelphia 6, 
Pa. President—George N. Sieger, S- 
M-S Corporation; Vice President—T. 
S. Long, Taylor-Winfield Corporation. 





























MEETINGS 


May 5-10 

Society of the Plastics Industry— 
National Plastics Exposition,  Coli- 
seum, Annual Meeting, Hotel Stevens, 
Chicago, Ill. 


May 15-17 

Society for Experimental Stress 
Analysis — Annual Meeting, Stevens 
Hotel, Chicago, Ill. 

May 21-24 

American Society of Mechanical 


Engineers—Oil and Gas Power Na- 
tional Conference, Cleveland, Ohio. 
May 22-31 

Mid-America Exposition—Cleveland 


Public Auditorium, Cleveland, Ohio. 


May 26-29 


American Society of Mechanical 
Engineers — Aviation Meeting, Los 
Angeles, Cal. 

May 27 


Metal Powder Association—Spring 
Meeting, Waldorf Astoria Hotel, N. Y. 


June 1-6 

Society of Automotive Engineers— 
Summer Meeting, French Lick Springs 
Hotel, French Lick, Ind. 


June 2-4 

American Society of Heating and 
Ventilating Engineers — Semi-Annual 
Meeting, Hotel Del Coronado, Corona- 
do, Calif. 


June 9-13 
American Institute of Electrical En- 
gineers—Summer Meeting, Montreal, 


Que. 


June 12-13 

American Society of Mechanical En- 
gineers— Wood Industries Meeting, 
Madison, Wis. 


June 15-19 

American Society of Mechanical En- 
gineers—Semi-Annual Meeting, Hotel 
Stevens, Chicago, Ill. 


June 16-20 

American Society for Testing Mate- 
rials — Annual Meeting, Chalfonte- 
Haddon Hall, Atlantic City, N. J. 


June 23-25 

American Society of Mechanical En- 
gineers—Applied Mechanics Division, 
Schenectady, N. Y. 


June 23-27 

American Electroplaters’ Society— 
Industrial Finishing Exposition, Con- 
vention Hall, Detroit, Mich. 


August 28-September 13 

British Engineers’ Association—En- 
gineering and Marine Exhibition, 
Olympia Bldg., London, England. 
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SAE Writes Hydraulic 
Brake Fluid Standard 


First SAE STANDARD for hydraulic 
brake fluids used in motor vehicles has 
been approved by the Technical Board 
of the Society of Automotive Engineers 
for publication in the 1947 SAE Hand- 
book. 

The standard, outgrowth of work 
initiated in 1936, was prepared by the 
Hydraulic Brake Fluid Subcommittee 
created by SAE Non-Metallic Mate- 
rials Committee and comprised of en- 
gineers from the staffs of manufacturers 
of hydraulic fluids, brakes, and vehicles. 
It covers heavy-duty and moderate- 
duty fluids, outlines minimum perform- 
ance requirements, physical properties, 
detailed test procedure and apparatus. 

Specifications establish such proper- 
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ties as viscosity and water tolerance; 
boiling, flash, and cold points: neutral- 
ity, stability, rubber swelling, and cor- 
rosion limitations. Heavy-duty fluids, 
for use under severe operating condi- 
tions, have a temperature range of 
—40 deg. to + 140 deg. F. A tem- 
perature range of —30 deg. to + 130 
deg. F. characterize moderate-duty 
fluids, for lighter service. 

The standard was prepared at the 
request of the Automobile Manufac- 
turers Association. A subcommittee is 
continuing its work, studying relation- 
ships between brake fluids and corro- 
sion of brakıng system parts. Francis 
J. Markey, of Moraine Products Div., 
General Motors Corp., Dayton, Ohio, 
is chairman of the Hydraulic Brake 
Fluid Subcommittee, which is con- 
ducting the study. 





DISCUSSIONS AND COMMENTS 


FROM READERS 





“Are Aircraft Electrical 
Equipment Manufacturers 
Ultra-Conservative?" 
To the Editor: 

The discussion by C. T. Button, 
which appears on page 168 of the April 


issue of Product Engineering, has 
aroused my interest. 
I sympathize with Mr. Button’s 


weariness regarding extravagant claims 
presented, with no engineering details 
to permit actual evaluation of the man- 
ufacturer's accomplishment. I think 
that this point is weil taken. I am, 
however, inclined to feel that much of 
the conservatism attributed to electrical 
manufacturers is actually inertia and 
not conservatism. 

I agree that many wartime aircraft 
electrical products were completely in- 
adequate. Many manufacturers rushed 
into the production of aircraft elec- 
trical equipment with no experience at 
all in this field, and the results were 
tragically inadequate, even for rela- 
tively expendable military equipment. 

The companies producing aircraft 
electrical equipment for peacetime will 
have to put safety and reliability first. 
Weight essential for safety and reli- 
ability will not meet much opposition, 
if its necessity can be established. The 
successful companies will be those that 
can do a real engineering job in match- 
ing the equipment to economic require- 
ments: balancing weight, efficiency, first 
cost, life, importance to flight, possibil- 
ity of grounding the aircraft, and main- 
tenance expense to achieve maximum 
return to the purchaser over the life of 


the airplane. ‘No small part of the cost 
of such equipment is the thorough qual- 
ification test program recognized as es- 
sential by all reputable manufacturers. 
The blanket statement that bearings 
cannot be operated at speeds of the 
order of 20,000 rpm needs some qual- 
ification. Speeds are certainly going 
up, and I would hesitate to put any 
ceiling on such progress. Precision bear- 
ings, suitably cooled and lubricated, can 
be operated at speeds far in excess of 
those safe for conventional (or should 
we say, ultra-conservative) small-motor 
practice. For conventional construc- 
tions, lubricants are now available 
which permit moderate-speed (5000- 
8000 rpm) operation at temperatures 
in the 125-150 deg. C. range with guar- 
anteed life of 1000 hours. Nitralloy 
bearing seats will usually withstand 
incipient bearing failure long enough 
to permit bearing replacement before 
the complete unit fails. 
—J. D. Miner, Manager, 
Aviation Engineering Department, 
Westinghouse Electric Corporation. 


"Unionization of the 
Engineering Professions" 


To the Editor: 

In reference to your February edi- 
torial "Unionization of the Engineer- 
ing Professions," I would like to quote 
from C. Frank Allen’s “Business Law 
for Engineers.” On pages 1 to 7 of 
the introduction it says, “Following the 
principle underlying the Common Law 
that stability is a prime necessity, it 
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would add much to the dignity and the 
respect accorded to the profession of 
engineering, to the engineer and sur- 
veyor, if greater stability was secured 
from their work. A boundary line once 
reasonably fixed by one surveyor should 
be held to by another survevor unless 
definitely found to be in error. In 
other directions, unnecessary disagree- 
ments should be avoided, and, so far 
as reasonable, engineering should be 
recognized as fixed and definite in its 
principles. The entire profession of en- 
gineering suffers when the work of a 
reputable engineer is unnecessarily at- 
tacked or held up to contempt.” 

It would not be too far wrong to say 
that management feels today that engi- 
neering is a necessary evil instead of a 
blessing, and that this feeling has been 
engendered by too much incompetency 
in the members of the engineering pro- 
Referring to Mr. Allen's last 
hold true that 
the entire profession of engineering suf- 


fession. 
sentence, it also must 
fers when the work of any engineer is 
even necessarily attacked or held up to 
If an American Engineering 

was formed to primarily 
engineering 


contempt. 
Association 
protect the profession of 
from within our own ranks by weeding 
out and eliminating from the profession 
those not suited, in other words set up 
standards for the profession, the eco- 
nomic status of the engineer would take 
care of itself. As it is, management is 
forced to keep the general rates for 
engineers at a low level since thev have 
no choice now than to accept engineers 
as such and let the good ones carry the 
incompetent ones. 

lf there is going to be a national as- 
sociation, let’s have one that will pro- 
tect the profession from 
within as well as without. This: is the 
way to give the profession its necessary 
dignity, and ensure economic success for 
its members.— James W. HARLEY, JR. 


engineering 


lo the Editor: 

Unionization of engineering depart- 
ments by existing labor organizations 
or new ones of a similar character will 
be bad for everybody except the organ- 
and the misfits in the 


1 
izers, leaders 


trade or profession who are too lazy to 
do a full day’s work and use some of 
their own time studying to keep abreast 
of advances in their particular field. 
Organization of engineers by na 
tional engineering societies may be an 
entirely different matter but if even 
management 


idea of “a 


this becomes necessary 
must take the blame. The 
profession lowering itself to the level 


of a union” is not so far-fetched in an 
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organization where the management has 
already lowered the engineering depart- 
ment to a level beneath that of the 
union. 

In union shops management must con- 
fer with the union before making de- 
cisions which affect the men in the shop 
but the same management makes deci- 
sions affecting the engineering personnel 
and informs them by posting a notice 
on the bulletin board. There have been 
instances where the shop knew of im- 
pending changes before the engineering 
department was informed. No self-re- 
specting engineer will join a union but 
engineers who are not respected by the 
management soon lose respect for them- 
selves and become ideal material for 
union organization. 

In the past a good draftsman was 
paid as much as or more than a first 
class mechanic or toolmaker. 
and engineers were paid more accord- 
ing to their experience and ability. In 
have 


Designers 


most shops mechanics’ 
nearly doubled due to union pressure 
while draftsmen and have 
had to threaten to quit in order to ob- 
tain a During the war many 


draftsmen and engineers kept plugging 


wages 
engineers 
raise, 


along at mediocre salaries while glori 
tied errand boys on large salaries and 
expense accounts were travelling all 
over the country expediting, etc. Thou- 
sands of new mechanics became super- 
visors, foremen, assistant superintend- 
ents, etc., while the draftsmen stayed 
at their boards and received no recog- 
nition. 
Management is very apt to place all 
draftsmen and engineers in the same 
class regardless of training, experience 
and natural ability. In every compam 
there are individual engineers who can 
match the output of two average men 
and at the same time produce work 
which requires no detailed checking. 
While this man’s value to the company 
is 200 percent greater than that of the 
average man he is extremely lucky if 
his salary is 50 percent greater simply 
because management has 
artificial ceiling on engineering salaries. 
The efficiency and morale of some en- 


created an 


gineering departments could be increased 
by a 50 percent reduction in personnel 


and a 50 percent increase in salaries. 
A department composed of well trained, 
experienced, well paid men working as 
a team could never be unionized. 
Some engineering departments have 
been allowed by management to de- 
teriorate to the point where they are 
taking from 


organization. This 


orders everybody in the 


is especially true 


where the top men have but little un- 
derstanding and appreciation of what 





is involved in engineering work. As 
a class engineers work for other re 
wards besides money. They usually 
take pride in their work and have a 
genuine interest in the success of the 
company. Engineers usually handle 
every job, even the tough ones, with so 
little fuss that management takes them 
for granted and assumes that their job 
is easy. Since engineers deal in facts 
they are poor actors and usually spend 
little time selling themselves or drama 
tizing their jobs. 

If management wants to avoid union- 
ization of engineering departments it 
must quit treating this department as 
a necessary evil and recognize it as an 
important part of the organization. 


PAC, 


Improving Designer's Status 
To the Editor: 


Someone should constantly expose the 
basic divergence between “the” 
process and the characteristic 
nique with which human affairs are 
handled. The arrangements mentioned 
in your April, 1946 editorial and in 
the succeeding letters strike the aver 
age man as just about what our sort 
There is more than 
letting 


design 
tech- 


of talent deserves. 
just an uneasy feeling about 
technicians supervise their own activi- 
ties or scientists communicate at will 
among nations. 

Workers in pure and applied science 
are not believed to have as much dis- 
cretion as human welfare and business 
success requires. While busy at their 
characteristic employment they are in- 
sufficiently concerned with vindication 
and aggrandisement to offer any heart- 
warming appeal to typical men. They 
are interested too much in "things," and 
not enough in “men”; or so the accepted 
story goes. At any rate, the net effect 
is that designers are not stimulated to 
follow up the technical and social im- 
plications of their assigned detail per- 
formance, and humanity believes this is 
as it should be. 

The sooner we applied scientists re- 
alize the role into which the community 
sentiment has 
will be able to do something about 


cast us, the sooner we 


changing our status—if we really wish 
to do so. Bridges, machine parts, and 
electrical circuits are not designed by 
resort to emotional values. “The” de- 
process might well be 
analyze, and perhaps improve, the de- 
signer's status. And it would begin—l 
claim—by admitting that nothing else 


h 


sign used to 


is to be expected, without some su 
effort, than precisely what is going on 


—J. A. Dovcras 


now. 
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POPULATION 


A nation’s wealth depends more than anything else 
on the size and vigor of its population. Much of the 
increase in U. S. production during the past hundred 
years is a result of a rapid growth in population. This 
growth supplied manpower for farms and factories 

and provided an expanding market for con- 
sumer goods and services. 

Growth was the outstanding fact about 
population before 1930. The birth rate was 


MORE PEOPLE almost double the death rate and there was 


a heavy flow of immigrants. Between 1900 


WORKING... and 1930, the population increase averaged 


15 million each decade. Immigration con- 
tributed a third of the increase. 
But this trend was checked by the de- 
pression 30's which stemmed the flood of 
immigrants and cut the birth rate by forcing post- 
ponement of many marriages. As a result, fewer than 
9 million persons were added to the population be- 
tween 1930 and 1940. This was an important factor 
in prolonging the depression because it slowed the 
growth of consumer markets. 


WARTIME MARRIAGE BOOM 


War and postwar conditions have brought a boom 
in marriages. They have exceeded normal by more 
than 1,500,000 since 1940. There will be more newly- 
married couples in 1950 than ever before and the birth 
rate may be roughly 10% higher than in the early 
1930's. So the 20th Century Fund looks for an increase 
of 12 million in total population between 1940 and 
1950 and a further increase of 10 million in the 1950's. 


TWICE AS MANY PEOPLE 


1554 








This will mean a faster-growing market for homes, 
autos, food, clothing, and other consumer items than 
we had in the 1930's. It will mean crowded schools and 
more people seeking jobs. 

There are four major population trends which will 
affect markets in the 1950s: 

1. The number of families will continue to increase 
more rapidly than the number of people as families 
grow smaller. This is significant because the market 
for housing, appliances, and many other things de. 
pends more on the number of families than on the 
number of people. 

2. Our population will be getting older. But it will 
not be getting less productive because the proportion 
of the population between the ages of 20 and 60 will 
be higher than in past decades. Still, the most striking 
increase will take place in the number of people over 
60—from 14 million in 1940 to mor? than 20 million 
in 1960. This will bring greater demand for medical 
services and social security. An important cause of this 
trend is our success in controlling communicable dis. 
ease. The following table shows how the death rate 
from selected causes has changed since 1900. 


Death Rate Per 100,000 Persons 


1942 1900 

Diseases of heart 137 
Cancer and other malignant tumors 2: 64 
Influenza 5 202 
Tuberculosis 4: 194 
Diarrhea and enteritis 143 
Whooping cough í 12 
Diphtheria 40 
Measles 13 
Typhoid and paratyphoid fever 31 
Scarlet fever d 10 
Other 505.5 _ 873 
1719 


BUT THREE TIMES AS MANY FAMILIES 





MORE OLDER PEOPLE 


MILLIONS OF PERSONS 


MORE CITY DWELLERS 


MILLIONS 


OF PERSONS 








MORE AND MORE WOMEN ARE SEEKING JOBS 
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10 & 3. The population will continue to become more 
873. Birbanized. Small and medium-sized cities will grow 
719 Raster than the largest cities. The general westward 
migration which was accelerated by the war will con- 
inue. 

4 Our people will keep on getting more homo- 
neous. There has been almost no immigration since 
929, so the number of immigrants who have been in 
e country for less than 20 years will make up less 
an one percent of the population in 1950 as against 
0% in 1930. 

An even more important factor in making the pop- 
lation all of a kind has been the growth of universal 
ducation. The proportion of children 14-17 years old 
ttending high school doubled between 1920 and 
936. The rise of the radio, movies, and national maga- 
ines has also levelled us out. These developments not 
mly raise the general educational level of the nation 
but also tend to standardize the public’s tastes and 
ttitudes. 


BOR FORCE 


The volume of goods and services produced by 145 
hillion persons in 1950 and 155 million in 1960 will 
lepend on what share of the population is in the labor 
market and the amount of work those employed 
tually do. The proportion of the population in the 
thor foree has shown little change in the past few 
cades. So the 20th Century Fund assumes that the 
lationship between labor force and population will 
* about the same in 1950 and 1960 as it was just be- 
we the war. On this basis 60 million people will 


* mn the labor market in 1950 and 63.4 million ten 
ears later. 
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As you can see from the charts, however, there will 
' several important changes in the composition of 
— Wr labor force. More women will be working. In 1870 
nly one out of every eight worked. By 1940 the pro- 


ANATOMY OF THE LABOR FORCE 


THE LABOR FORCE IS GROWING MORE SKILLED 
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portion had grown to one out of four, and evidently 
will go on rising. 

However, the increase in the number of women 
working will just about be offset by earlier retire- 
ments and longer schooling. This explains why there 
is little change in the ratio of labor force to population. 


UNEMPLOYMENT 


The effectiveness of the labor force depends not 
only on its size but on how fully it is employed. We 
have never had full employment in the sense that 
everyone able and willing to work had a job at the 
same time. Even in good years unemployment has 
seldom averaged less than 5% of the working force 
because workers are always moving from job to job. 
And in 1932, nearly one-fourth of all workers were 
unable to find jobs. 

For this reason, the 20th Century Fund assumes 
that, even with good business in the 1950s, unemploy- 
ment will average 5% of the labor force. This works 
out to 3 million unemployed in 1950. 

In addition, the Fund expects the long down-trend 
in average weekly hours to continue. A century ago, 
workers put in a 12 hour day for 6 days a week. By 
1940 the average work-week had declined to 44 hours 
in non-agricultural jobs and 52 hours in agriculture. 
If this trend continues, the average in non-farm jobs 
will be down to 38 hours a week in 1960, and farmers 
will work 48 hours. 

Adding all this up, and allowing for vacations, ab- 
senteeism, and sickness, the 20th Century Fund esti- 
mates that the U. S. will put in 121 billion man-hours 
of work in 1950 and 118 billion in 1960. This compares 
with 105 billion in 1940 and with 154 billion at the 
peak of the war effort. The quantity of goods and 
services that can be turned out with this amount of 
labor effort will depend on average output per man- 
hour, or productivity. 








PRODUCTIVITY 


The key to our future economic welfare is pro- 
ductivity. It is the five-fold increase in output per 
man-hour that has made it possible for us to work 
shorter hours and still enjoy a rising standard of 
living. This increase in productivity has been ac- 
complished not by working harder but by constantly 
inventing better machinery to supplement human 
energy with mechanical power. 

Of course, in any specific factory at any given time, 
productivity depends largely on the willingness and 
ability of labor and management. But over the years, 
the actual effort of the individual worker becomes 
much less important than the effort of the machine. 
The most energetic and skilled blacksmith of a cen- 
tury ago could not remotely approach the produc- 
tivity of today’s semi-skilled worker operating auto- 
matic power-driven equipment. 

In 1860, the average worker turned 
out 33¢ (in 1944 dollars) worth of 
goods in an hour. By 1940, this had 
grown to $1.22. This sensational in- 

EACH PRODUCING crease in productivity was due to the 

increased use of power-driven ma- 

MORE... chines. In 1860, the average worker 

had the help of only half a horse- 

power of animal or mineral energy. 

In 1940, he had the use of 2.7 horse- 

power. To put it another way, if there 

had been no increase in the use of mechanical power 

since 1850, it would have taken 290 million workers 

to turn out the amount of goods and services actually 

produced at the peak of the war effort by only 63 
million workers. 


DO MACHINES KILL JOBS 


Past history aleo shows that we need not fear the 
long run effects of the introduction of labor-saving 
machines. On the contrary, the only way we can 
improve the material welfare of everyone is to con- 
tinue and even step up the rate at which we save 
labor by using machines. 

Some people, it is true, are thrown out of work 
and a few of them may not be able to find other 
jobs easily. But mechanization more than compen- 
sates for "technological unemployment" by making 
it possible to produce more and better things for 
everyone—things that themselves create jobs. Develop- 
ment of the railroads and the automobile, for example, 
put a lot of canal boat and livery stable operators out 
of business. But it cut the cost of transportation and 
created many times more jobs than it eliminated. 

The 20th Century Fund also points out that the 
most important reason that the technological revolu- 
tion developed luxuriantly in the U. S. between 1850 
and 1940 was that competitive enterprise provided a 
generally favorable climate. It is true that natural re- 
sources were plentiful and that the population was 
growing rapidly both in numbers and in skill. But 
what we had to a unique degree here was an atmos- 
phere which favored risk-taking, fostered the vast capi- 
tal investment necessary to harness and apply me- 
chanical energy, and provided the incentives neces- 
sary to put capital and inventiveness to work. 

No other economy has equalled ours in the ability 
to produce more and more with continually diminish- 
ing human effort. The test it now faces is whether it 
can eliminate the ups and downs in production and 
employment that have gone along with it. But an 
abundance of evidence indicates that we ran into 





trouble after 1929 not hecause we developed too 
many labor-saving machines but because we didn’ 
adjust our economic mechanism to keep the proces 
going. 

The key importance of mechanization is indicated 
by the fact that the increase in national production 
since 1860 closely parallels the increase in use of me. 
chanical power. Between 1860 and 1940, both volume 
of production and use of energy multiplied about 
11 times. It is clear that, in order to keep our stand. 
ard of living rising, we must continue to apply more 
and more power to production. 

Chief advantage of mechanical energy is, of 
course, its low cost. Electric energy is now delivered 
for as little as a cent a horsepower, while the same 
amount of human energy costs $10. 

And there are other important advantages. Mechani. 
cal energy can be delivered in greater concentration: 
than any other form. It is also more convenient, com. 
pact, mobile, and controllable. Consolidated Edison in 
New York delivers enough electricity in a day to do 
the work of 3 million draft horses. 

These advantages are now so universally accepted 
that it's hard to realize how recently we left the hore 
and buggy era. At the turn of the century, animals and 
men provided more than half the energy used in 
production and transportation. It wasn't until Worl 
War I that trucks replaced horses in local hauling and 
tractors began to invade the farms. Here is how the 
use of mechanical energy has grown since 1850: 


Total Energy 


Output Percent Supplied by: 
(Billions of st st siti tate 
Horsepower- Mechanical 
Hours) Energy Humans Animal 
1850 17.6 6 15 7 
1860 25.2 7 14 7 
1870 27.8 12 15 7 
1880 39.9 17 14 69 
1890 61.1 28 12 60 
1900 82.9 38 10 52 
1910 131.4 91 8 35 
1920 197.4 73 6 21 
1930 238.3 84 5 ll 
1940 289.4 90 4 6 
1950 410.4 94 3 3 
1960 489.8 96 2 2 


PRODUCTIVITY IN THE FUTURE 


Any attempt to predict future developments ir 
productivity is complicated by the fact that thé 
changes do not occur at an even rate. Between 185 
and 1940 the average increase in output per man 
hour was 18% per decade. But the changes varie 
all the way from 3% between 1870 and 1880 to 42° 
for the decade ending in 1940. There is, therefore 
no simple way to extend past trends to obtain a fool 
proof figure for productivity at a future date. 

For purposes of this study, however, the 2th 
Century Fund assumes that the average rate of i 
crease since 1850 may be projected to estimate outp! 
per man-hour in 1950 and 1960, Thus, output per ma 
hour works out to $1.44 in 1950 and $1.70 in 19608 
against $1.22 in 1940 (all in 1944 dollars). 

As the Fund points out, this is a critical assum? 
tion, and it is further complicated by the fact tli 
there is a wider possibility of error in this estima! 
than in most of the others in the study. If. for e 
ample, it is assumed that productivity will increase? 
the pace set from 1920 to 1940 which averaged 361 
per decade, then 1960 production would be abo! 
double the 1940 level instead of only 157% of it! 
the 20th Century Fund estimates. 
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A CENTURY OF ECONOMIC PROGRESS 1860-1960 


OUTPUT PER MAN-HOUR SHOULD 8E 5 TIMES AS GREAT BECAUSE OF A STEADY GROWTH OF POWER AND MACHINES 
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OUTPUT PER PERSON 





CAN TURN OUT 
ENOUGH GOODS 


AND SERVICES... 


BILLIONS OF DOLLARS (1944 PRICES) 


TOTAL NATIONAL OUTPUT 


The potential volume of goods and services in 1950 
and 1960 can be determined by simple arithmetic, 
using the assumptions outlined on the preceding pages. 
Of an estimated population of 145 million in 1950, 
about 60 million persons will be in the labor market 
and 57 million of them will have jobs if we succeed in 
keeping business activity at a high level. 

This many people would work 121 billion man- 
hours. With output per man-hour estimated at $1.44 
(in 1944 dollars) the total value of goods and services 
produced, or the gross national product, would come 
to $177 billion. Similar calculations yield a gross na- 
tional product of $202 billion for 1960. 

As the 20th Century Fund emphasizes, these esti- 
mates are neither a forecast of actual production nor 
an appraisal of maximum potential production. They 
are merely an attempt to show in dollars and cents 
what can be achieved with high-level employment. 


HIGHER LIVING STANDARDS 


Compared with any prewar year, a gross national 
product of $177 billion in 1950 and $202 billion in 
1960 would represent a handsome gain. It would 
make possible a substantial rise in living standards. 
In 1950 we would produce a fifth 
more than in 1941. 

However, the volume of goods 
and services turned out in 1950 
would be only slightly higher 
than present production. This is 
because the number of persons 
at work today is 2 million above 
the estimated normal for 1950, and average weekly 
hours are higher than they will be then. Almost a 











million and a half of the emergency workers drawn 
into the labor force during the war are still at work 
and unemployment is lower than the figure assumed 
for 1950. 

The estimates of 1950 and 1960 gross national prod. 
uct, as well as the figures for past years used in the 
chart, are expressed in 1944 prices. This is not a pre. 
diction that the price level will sette down to the 1944 
level which would involve a drop of 18% in the cost 
of living and 26% in wholesale prices. It is merely a 
device to eliminate price fluctuations so that the fig. 
ures will show only the actual changes in the physical 
volume of production. 

Gross national product measures the total market 
value of everything the nation produces. All the 
goods and services produced are absorbed in one of 
three ways: by consumer expenditures; by expend. 
itures for investment in capital goods or inventories; 
or by government expenditures, 


HIGHER TAXES, LESS INVESTMENT 


The division of total output among consumers, in. 
vestment, and government will be somewhat differ. 
ent in 1950 and 1960 than in the past. About two. 
thirds of total output will go into consumer good: 
and services. This is about the same as the propor. 
tion in prewar years. 

Government's share will continue to grow, how. 
ever. It rose from 11% of total output in 1929 to 
17% in 1940. At the peak of the war effort, half of 
all production went to Uncle Sam. Government ex- 
penditures have dropped to less than half the war 
peak and they will continue to decline slowly. But 
government's share will still run to around 20% in the 
1950’s. On the other hand, the ratio of investment to 
total output shows a slight long term decline. 


HOW TOTAL OUTPUT IS DISTRIBUTED 


PRIVATE INVESTMENT 


GOVERNMENT 


CONSUMERS 





MORE CONSUMER PURCHASING POWER 


CONSUMERS WILL BE ABLE TO BUY 50°. MORE THAN IN 1930'S EVERY OTHER FAMILY ...INSTEAD OF EVERY SIXTH FAMILY... 


3,190 WILL HAVE $2,000 OR MORE TO SPEND. 
2,890 
per CONSUMER Uny, 
$ 


co 
cash Ww v Oeo 4 


UNDER $1,000 


MILLIONS OF CONSUMER UNITS 





1935—1936 


CONSUMER INCOME adjusted for an estimated one-third increase in the 
1950 price level over that of the mid-1930's. This 
would mean that a $2,650 income in 1950 would buy 
no more than a $2,000 income in 1935-36. Even if 
this adjustment is made, the resulting figures still 
show a striking upward shift. 


U. S. business can look forward to a 1950 consumer 
market twice as large as in the worst year of the 
depression, half again as large as in 1929, and one- 
fifth larger than in 1941. That is the major conclusion 
of the 20th Century Fund's analysis of consumer E 
purchasing power. Here are the steps by which it Income Class Consumer Units Cash Income 
arrives at that conclusion: = Millions E Ph Billions » 

l. With gross national product at $177 billion in Total "E poe 1935-36 1950 
1950, past experience indicates that income payments Under $1000 208 130 er $135.0 
to individuals would run to $138 billion. $1000-2000 12. 12.9 28 1 L 

2. Income tax rates are assumed to equal the 1942 $2000-5000 4 18.2 23.8 2. 
schedules, so individuals would pay $11 billion in Over $5000 . 3.8 16.1 3. 
taxes (as against $19 billion in 1946). 

3. Savings are estimated at $12 billion, or about 9% 
of income after taxes. 

4. Subtracting taxes and savings, consumer pur- 
chases of goods and services would total $116 billion. 


In addition to dollar income, 
shown in the above table, consumers 
also receive “income in kind”—food 
and fuel produced by farmers for 
their own use, board and lodging re- 
LOWER SAVINGS ceived by domestic servants. Such in- FOR CONSUMERS . 
come will have a value estimated at 
Many experts would criticize the assumption that $3.3 billion in 1950, most of which 
savings will amount to only 9% of income. Some of will supplement the $7.7 billion re- 
them look for a ratio as high as 20% in prosperous ceived by those in the “under $1000” 
postwar years. The 20th Century Fund justifies the bracket. 
ue of a low figure on three grounds: (1) people ihe urban market will continue to be far more 
built up reserve of savings during the war; (2) ex- important than the rural market. Consumer units in 
panding social security will reduce the need to save cities will receive cash incomes of $3,445 on the 
for old age; and (3) taxes will cut into savings. The average in 1950, more than twice the farm average 
Fund’s estimate of savings plus taxes in 1950 adds of $1,635 and almost twice the small town average of 
up to a higher percentage of income than in pros- $1,880. 
perous prewar years. 
The nan’ of living won’t rise as rapidly as the THE FARM MARKET 
total income going to consumers, because the in- These figures don’t provide an accurate measure 
eased income will be split up among more family of the relative importance of the rural and urban 
units. But the average consumer unit (a family or a markets because rural consumers pay a lot less for 
single person living alone) will be a third better off food, fuel, shelter and so have more to spend for 
in 1960 than in the 1930's. other things. If there were any way to adjust for 
Shifts in the distribution of income will be even these things, the figures would show a smaller spread 
more important, from a marketing standpoint, than between the two markets, but the urban market will 
the general increase in over-all consumer income. still be dominant. 
More consumer units will be in the over-$2000 All these figures underline a general upgrading in 
brackets than ever before and this group will be consumer demands which would accompany high-level 
receiving a much larger share of total consumer in- production and employment. It will have a profound 
come. effect on marketing practices. The average person 
Part of the apparent increase in income is can- will eat better, dress better, and live in a better house 
celled out by higher prices. To show the actual in- with better equipment. And he will have more money 
crease in purchasing power, the figures should be to spend for travel, recreation, and luxuries. 





CONSUMER MARKETS 


The improvement in living standards during the 
1950 decade will lead to important changes in the 
way consumers spend their dollars. Even though they 
will eat better, dress better, and live in better houses, 
a smaller share of the consumer dollar will be spent on 
food, clothing and shelter. A growing share will go for 
appliances, furniture, travel, and recreation. 

This means that the fastest growing markets will 
be those providing what might be called “optional” 
goods and services — things which add to comfort and 
enjoyment but which are not strictly necessary. Mar- 
kets for necessities, on the other hand, will expand at 
a slower rate than total consumer expenditures. 

The growing importance of “optional” goods and 
services is one of the reasons why it’s increasingly 
dificult to keep our economic machine going on an 
even keel. The purchase of “optional” goods can be 
postponed with little hardship. So anything that 
causes people to put off buying a new car, a new house, 
or a new radio has a far greater effect on production 
and employment now than it did when the major 
share of the consumer dollar went for necessities. 

Some of the trends in major markets are summar- 
ized in the following sections. 


FOOD 


Although food is by far the largest item in the 
consumer budget, its relative importance is declining 
slowly as living standards rise. People eat the same 
number of pounds of food they ate in 1909 but the 
food is better from a nutritional standpoint and easier 


WHERE CONSUMER DOLLARS GO 


(Figures in Billions of Dollars) 


STANDARD OF LIVING YARDSTICK: MORE OF THE CONSUMER 
DOLLAR GOES FOR THE COMFORTS OF MODERN LIFE 
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to prepare. Thus, the trend favors fruits, vegetables, 
and dairy products as against meat, potatoes, and 
bread. 

More and more food is being processed in factories 
rather than in consumer kitchens. Improved methods 
of manufacture and distribution have transformed 
the luxury foods of yesterday into the standard foods 
of today. New kinds of processed foods — canned, 
frozen, and dehydrated — are appearing constantly. 


CLOTHING 


Three long term trends will shape the clothing 
market in the future: (1) the shift from home and 
custom to factory fabrication is almost complete: 
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Liquor and Tobacco 
Clothing and Personal Care 


Housing 


Household Equipment and Operation 


Appliances 1.3 


Consumer Transportation 
Autos and Private Planes b. 
Local Bus and Street Car 
Intercity Bus 
Airlines 


6.8 


Railroads 
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a. Includes Estimated Rent for Owner-Occupied Homes. 
b. Includes Original Cost and Operating Expenses. 
c. Less than $50 Million. 
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CONSUMER MARKETS IN 1950 AND 1960: Percent Increase in Sales Over 1940 


Bottom Segment Equals Percent Increase 1940-1950; Total Height Equals Percent Increase 1940-1960. 
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(2) synthetics, chiefly rayon and nylon so far, are 
replacing cotton, wool, and silk at an accelerating 
pace; (3) there’s greater standardization of styles and 
a trend to lighter and simpler clothing. 

In 1909 consumers spent 14% of their income for 
clothing but by 1940 the ratio had reclined to 12%. 
However, this long run decline may be halted or re- 
versed. The migration from farms to cities, the up- 
grading of incomes, and the growing demand for 
sports clothing will increase clothing expenditures. 


HOUSING 


The decline in the relative importance of housing 
expenditures — from 24% of consumer dollars in 1909 
to less than 18% in 1940 — is expected to continue. 
The reason is that people feel they get more value 
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for their dollars in other things than housing. Never- 
theless, the housing market should be much larger in 
the 1950’s than in the 1930's because much of our 
housing needs to be repaired or replaced. 

A Census survey in 1940 showed that 16 million of 
the nation’s 37 million dwelling units needed to be 
replaced or needed major repairs. The 20th Century 
Fund estimates that the provision of adequate hous- 
ing for everyone by 1960 would involve building 20 
million new units and rehabilitating 5.4 million at a 
total cost of $115 billion (1944 prices). The Fund 
also estimates that we will fall 15% short of this 
goal even with continued high-level employment. 


HOUSEHOLD EQUIPMENT 


More and more of the consumer dollar has gone 
for household equipment in the past four decades, 
largely because of the development of labor-saving 
appliances. The outlook is for a continuation of this 
trend. New appliances are being developed; and the 
large number of new houses slated to be built'in the 
next few years, the wartime and postwar boom in the 
number of families, and the migration to the cities 
should add to appliance demand. The same factors 
should brighten the outlook for furniture, rugs, and 
other household items. 

Some appliance markets may be saturated by the 
1950’s, however. A few years of high production 
would fill our homes with refrigerators, for example. 
However, replacement demand would run to 2.7 
million units in 1960 and there would be a demand 
for 1.3 million refrigerators to equip new houses, so 
the market would still be bigger than in 1941 when 
3.6 million were sold. However, new products must 
be developed if the industry is to keep up the pace 
it has set in the past. 


TRAVEL 


In 1916 the average person traveled 400 miles. By 
1940 the average had grown to 2,400 miles, chiefly 
because of the rise of the automobile. The 20th 
Century Fund expects this growth to continue be- 
cause as their incomes rise people spend more money 
traveling. 

A good share of the increased spending will go to 
purchases of cars and planes. The Fund estimates 
that there will be 36 million cars on the road and 
100,000 private planes in the air in 1950. The auto 
industry would be able to sell 5 million new cars a 
year after 1950—4 million for replacement and a 
million for population growth. 





CAPITAL 
INVESTMENT... 


CAPITAL INVESTMENT 


Investment plays a crucial role in our economy 
for two reasons. It is by plowing back part of our 
annual output that we are able to provide better 
machines and equipment to keep productivity rising. 
But the amount ploughed back varies widely from 
year to year. This unevenness of capital investment 
contributes to the instability of production and em- 
ployment. 

Because capital investment involves the purchase 
of durable goods, it can be postponed almost in- 
definitely when the outlook for profits darkens. 
Thus, capital investment plummeted from $18 bil- 
lion in 1929 to $5 billion in 1933, a drop of 72%, 
whereas consumer spending fell only about half as 
fast in the same period. 


MORE FOR EQUIPMENT 


There has been an important shift in the relation- 
ship between construction and equipment, the two 
major types of investment. Before World War I, 
construction made up around three-fourths of total 
investment but the ratio declined to less than half 
in 1935-39. Part of the decline is, of course, ex- 
plained by the fact that the depression left us with 
ample plant capacity but provided an incentive to 
buy more efficient machines to cut costs. Neverthe- 
less, there is a well-defined trend towards allocating 
an increasing proportion of investment to equipment 
rather than to plant construction. 

A little less than two-thirds of total investment 
goes into industrial plants and equip- 
ment. Housing and other consumer con- 
struction (hospitals, schools, churches) 

averaged 27% of total investment dur- 
ing the interwar period. Housing fell 
from a peak of $6 billion in 1926 to $4.7 
billion in 1929 and $600 million in 
1933; and it had recovered only half 
the 1926 volume by 1940. 

While other types of investment fol- 
low the ups and downs in general busi- 


WHERE INVESTMENT DOLLARS GO 


(Figures in Billions of Dollars) 


ness, investment in housing construction follows a 
cycle of its own. This housing cycle is determined by 
factors such as the vacancy rate, the level of rents, and 
that of construction costs, which may not follow the 
trend of general business. When a drop in general busi. 
ness activity takes place during a declining phase of 
the housing cycle, as it did in 1929, the result is a deep 
and prolonged depression. 

Government investment, of which the largest com. 
ponent is highways, has been much more stable than 
other types but it doesn’t swing enough weight to 
stabilize total investment. 

Because of the wide fluctuations in capital invest. 
ment, its much more difficult to estimate future E 
capital expenditures than future consumer pur.| 
chases. In order to make a relatively stable forecast, 
the 20th Century Fund bases its estimates on the 
long term trend since 1879, which shows a slight 
decline in the share of total output going to capital 
investment. Thus, investment under conditions of 
stable prosperity in the 1950 decade is estimated at 
16% of total output as compared with a ratio of 
more than 18% in the late 1920’s. On this basis, 
estimated capital expenditures work out to $28 bil. 
lion for 1950 and $33 billion in 1960. Our ability 
to maintain high employment and rising living stand. 
ards will depend in large measure on our ability to 
invest that much profitably in new machinery and 
buildings. 


CAPITAL NEEDS 


Analysis of our capital needs lends little support 
to the idea prevalent during the 1930's that we had 
reached economic maturity so that there was no way 
to invest as much as we had in earlier decades. No 
one has ever made an estimate of how much it would 
cost to modernize our industrial plant, which is valued 
at around $200 billion at prewar prices. If as much a: 
a third of it needs to be replaced or rehabilitated, 
around $100 billion (current prices) of additional in. 
vestment will be required. 

In addition, huge amounts of money need to be in- 
vested in housing and public works to raise the serv f 
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a provided merely to adequate levels. The 20th 

d at entury Fund estimates that the cost of a 15 year 

d program to modernize our city streets and rural 

| bil ighways would run to $40 billion. To bring the 

ilit ation's housing up to minimum standards of health 

meee and decency by 1960 would cost $115 billion. To 

ty tomomserve our natural resources and develop our wa- 

and E, Power would cost $27 billion over a 15 year 
period. 

There seems to be little question that needs exist 
or all the capital investment we can make for a long 
ime to come. The behavior of investment in the past 

Por Btronely suggests that the problem is not one of lack 
| had f needs but one of finding ways to add to our capital 
N nan orderly fashion. Capital investment has followed 
3 110 Bhe boom and bust route in the past; what is wanted 
-— sa high but steady rate of investment. 

ch a WARTIME INVESTMENT DEFICIT 


al in.) Demand for capital goods is stronger right now 

han ever before, largely because of the backed-up 
be in-Peeds arising out of the war. Here is how wartime 
sery- expenditures for capital goods which can be used in 
eacetime production compared with expenditures 
n the last 5 years of both the 1920’s and 1930's: 
Figures in billions of dollars) 


1925-1929 1935-1939* 1940-1944 























otal Capital investment $86 $65 $49 
Industrial 51 43 32 
Manufacturing 12 10 14 
Metals, chemicals, machinery, 
petroleum 6 6 11 
All Other 6 4 3 
Commercial 10 5 3 
Railroads 5 3 3 
Electric power 5 3 3 
Consumer Construction 28 14 12 
Public Works 7 8 5 


Adjusted to Wartime Prices 


Wartime restrictions held investment in all civilian 
nes far below what would be spent in prosperous 
eacetime years. Thus, there was a backlog of invest- 
ent needs at the end of the war which ran to more 
han 530 billion, if the 1925-1929 demand can be 
ken as typical. Whatever the precise size of the back- 
g it is clearly great enough, when added to the nor- 
al v. arly demand for new investment, to keep the 
tavy roods boom going for some time to come. The 
Pt of our ability to stabilize capital investment will 
me later. 

There is also a huge foreign demand for American 
ipital. How far we will go toward meeting this de- 
ends largely on whether international political and 
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BUT THE AMOUNT PLOUGHED BACK VARIES GREATLY FROM GOOD 
YEARS TO BAD, ACCENTUATING THE SWINGS OF THE BUSINESS CYCLE 
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economic conditions are stable enough to make pri- 
vate foreign investment a good risk. 

If we invest abroad in the same proportion we did 
in the late-1920’s, our foreign investments will total 
$1.6 billion during the year 1950 and $1.5 billion in 
the year 1960. This will mean a net increase in our 
foreign holdings of $15 billion during the 1950's, 
raising the total of such holdings to about $25 billion, 
as against a total of $10.6 billion in 1940. 

To make that much foreign investment pay out, an 
expanding volume of world trade would be required. 
Foreign nations would have to get enough dollars not 
only to pay for goods they bought from us but also to 
pay interest and dividends on U. S. investments. If our 
overseas investments increase to $25 billion by 1960, 
annual interest and dividends owed us will run to 
almost $1?4 billion. 

To pay us that much, foreign nations would have 
to sell much more in the U. S. than ever before. The 
20th Century Fund calculates that imports of $7.3 bil- 
lion in 1950 and $8.1 billion in 1960 would provide 
other countries with the dollars they need. Imports 
ran to $2.5 billion in 1940 so we would have to buy 3 
times as much abroad to keep expanding our foreign 
investments. 

With good business U. S. demand for imported 
goods should be well above prewar. Rising living 
standards will widen the market for sich consumer 
items as British tweeds and French perfumes. More- 
over, we will need to import more raw materials than 
ever before because we used up our natural resources 
at a prodigious pace during the war. 


NEW INDUSTRIES 


The new methods, materials, and products devel- 
oped during the war may well have a more profound 
and lasting effect on future capital requirements 
than the backed-up demands accumulated in war- 
time. Here are some of the wartime developments 
which may have important peacetime applications: 
new chemical processes and products including syn- 
thetic rubber, plastics, synthetic fibers and fabrics; 
new food products and new methods of food process- 
ing; new uses for glass, plywood, and the light me- 
tals; tremendous advances in aviation: and new 
applications of atomic energy and fissionable prod- 
ucts in power production and medicine. 

Large capital expenditures will be required to 
push these developments further and adapt them to 
civilian use. New businesses and perhaps entire new 
industries will grow up, adding to the demand for 
capital goods for many years. 












AND 


THE COST OF GOVERNMENT 


To the traditional certainty of death and taxes can 
be added the certainty that the cest of government 
will take a much larger share of national income 
than ever before in peacetime. After the Civil War 
and again after World War I, federal expenditures 
moved up to a level four times prewar. And it is al- 
ready clear that World War II is going to have about 
the same effect. 

In 1940, federal, state, and local governments 
spent $19 billion, of which a total of $2.2 billion 
went for national defense, veterans, and interest on 
the war debt. By 1950, the 20th Century Fund es- 
timates that all governmental units in the U. S. will 
be spending more than $45 billion. Federal expendi- 
tures are estimated at $27.6 billion in that year as 
against $9 billion in 1940. 

Part of the increase is explained by higher post- 
war prices. Adjusting for price changes would reduce 
the 1950 figure from $45 billion to $33.5 billion. 
This is still 80% above the 1940 level. Increased 
expenditures for public works, social insurance, and 
schools explain another small part of the rise. 

But costs arising out of the war are by far the most 
important factor. Military and veterans’ expenditures 
and interest on the war-swollen national debt will 
add up to over $17 billion in 1950. This is only 10% 
less than total government expenditures in 1940. 

The only major category of government expense 
which would be lower in 1950 is welfare. With high- 
level employment and more social insurance, relief 
and other welfare costs should run to $2.5 billion 
in 1950 as against $3 billion in 1941. 


The following paragraphs describe important 
trends in the major items of government expense. 
MILITARY 


The 20th Century Fund assumes that we will main- 
tain an armed strength of 2 million men (including 
trainees) and that it will cost $3,300 to equip and 
maintain each man, so total military expenditures will 
run to $6.6 billion. But even if we decide to maintain 

a smaller armed strength, the total 
cost might easily be at least $6.6 bil- 
lion because the present per service- 
man cost of over $6,000 a year may 
not decline. 


VETERANS 


GOVERNMENT ... 


It will cost at least $2.9 billion to 

take care of veterans in 1950 even if 

benefits are not increased. That’s 5 

times the 1941 cost. Pensions for 

World War I veterans rose steadily 

from $116 million in 1924 to over $300 million in 1945. 

That rise will continue for another 20 years. By far the 

largest expense will be for World War II pensions 

which are already costing $900 million. Disability and 

death benefits will cost about S1? billion in 1950: 

hospitalization will add another $250 million; and 
insurance $150 million. 


SOCIAL SECURITY 


Future expenditures for social security will depend 
on whether steps are taken to extend coverage and 
liberalize benefits. Over 60 million people are now 
covered so the cost is certain to increase rapidly as 
more of them begin to draw payments. With high- 


WHY THE COST OF GOVERNMENT HAS INCREASED. The 
$25.6 billion increase in cost from 1913 to 1941 was due to: 
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level employment in 1950, estimated old age and un. 
employment benefits under the present system would 
run to over $5 billion. Expansion of benefits, as recom. 
mended by the Social Security Board, would raise the 
cost to over $9 billion. 


PUBLIC WORKS 


Even an economy-minded Congress is almost cer. 
tain to go along with expenditures for highways, air. 
ports, waterways, flood control and conservation. Thus, 
an increase in expenditures for transportation and 


natural resources from less than $2.5 billion to over $5 
billion in 1950 seems probable. 


SCHOOLS 


Education ranks third among all government ex 
penditures. In 1941 we spent almost $2.5 billion- 
10% of all government dollars—on schools. Teacher: 
salaries account for almost three-quarters of the tota 
cost so the trend towards higher salaries will boos 
the nation’s bill for education. 


WHERE TAX DOLLARS GO à 
(Figures in Billions of Dollars!) $t 
(1944 Prices) / 

1913 1932 1941 1950 1960 

All Government 

Expenditures ...... 2.5 12.4 23.1 45.5 50.7 | 
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NATURAL RESOURCES 


The war left the U. S. with a depleted supply of 
most natural resources, and with critical shortages 
of some of the most essential minerals. Nevertheless, 
lack of natural resources should not be a limiting 
factor on our productive capacity. With relatively 
free access to world markets, we should be able to 
get all the raw materials we need. And, even if we 
were denied access to world markets, we could use 
our low-grade reserves and develop substitutes with- 
out causing a prohibitive reduction in our living 
standards, though everyone would feel the effects in 
one way or another. 

The U. S. economy consumes about a billion and 
a half tons of raw materials each year, or about 11.5 
tons per person. Of this 3.5 tons are coal, 1.5 tons 
are petroleum, and iron and copper ore each con- 
tribute about a half a ton. In 1939 the value of un- 
refined minerals output was $4.2 billion and 2% of 
all workers were engaged in mining or lumbering. 


FUTURE REQUIREMENTS 


The level of industrial production projected by the 
20th Century Fund would raise minerals requirements 
a third above 1940 by the year 1950 and 50% above 
1940 a decade later. Here is how natural resources 
requirements in the 1950 decade would compare with 
1940 and the wartime peak: (Index numbers, 1940 
equals 100) 


Wartime 
Peak 1950 1960 
All minerals 138 133 151 
Metals 157 117 126 
Fuels 130 141 164 
Other 141 128 142 
Lumber 126 93 76 
Electric Power 159 173 224 
Manufactured Gas 120 94 19 
The capacity of our supplies of natural resources 
to support future levels of output cannot be deter- 
mined with any great accuracy. It will depend on 
the size of our reserves and on our 
ability to use supplies more econom- 
ically and develop substitutes. 
ITH THE Because there is no way to meas- 
ure these factors with any degree of 
SOURCES precision, all estimates of the num- 
ber of year’s supply are subject to 
AILABLE ... wide errors. However, such estimates 
are useful in directing attention at 
those resources where every effort 
should be exerted to develop new 
supplies, substitutes, and more economical methods 
of use. 
BIGGEST PROBLEMS: LEAD AND ZINC 
Commercial grades of zinc, lead, and bauxite will 
be exhausted before 1960 even if the rate of use is 
cut to half the wartime rate. Supplies of petroleum 
and natural gas — which furnish 40% of our energy 
— will last longer than 20 years but their partial de- 
pletion will raise many technical and economic prob- 
lems long before that time. Possible exhaustion of 
high-grade deposits of such minerals as iron and 
copper in the foreseeable future will stimulate de- 


velopment of processes to use low-grade deposits. 
We have been discovering more and more ways to 

stretch our supplies of natural resources, however. 

In the case of tin, the electropJating process saves 50% 





























of the tin used in tinplate production. The electric 
power industry uses less than 40% as much coal per 
kwh now as in 1920. The development of new ma- 
terials and new ways of using old materials also ex- 
pands our resource capacity. 

Our bituminous coal reserves are adequate for 
over a thousand years even at the wartime rate of 
use, though production costs might rise substantially 
as inferior coal beds were used. After that, there are | 
huge deposits of sub-bituminous coal and lignite 
which could carry us along for another thousand 
years. In comparison, maximum petroleum reserves 
are minute, adequate only for about 30 years con- 
sumption at the current rate. That is why the experts 
are trying to find ways to produce oil from coal 
cheaply enough to be commercially feasible. 

Even though we have been using up lumber faster 
than it grows, there is little doubt that enough will 
be available in the future to meet at least minimum 
needs. Annual timber growth runs to about 32 billion 
board feet. But we cut over 40 billion board feet a 
year before the war and lost another 6 billion through 
fire, insects, and disease. An adequate conservation 
program could increase annual growth enough to off- 


set this depletion. 
OUR NATURAL RESOURCE RESERVES ii 1940 RATE OF USE 
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PRODUCTION PROSPECTS: Estimated Percentage Increase 
in industrial Activity Over 1940 
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INDUSTRIAL CAPACITY 
At the end of World War II U. S. industry found 


itself with surplus capacity in some lines and serious 
deficiencies in others. There was more than enough 
aircraft, machine tool, and synthetic rubber capacity 
but not nearly enough sheet steel, copper, or electri- 
cal machinery capacity to meet pent-up demands. 

War experience showed, however, that industria] 
capacity can be expanded enormously in a few years, 
given the need and the funds. Thus lack of industrial 
capacity should not prove a bottleneck to meeting 
the demands of consumers in the 1950 decade. 

A rough estimate places our total investment in 
industrial facilities (manufacturing, mining, trans- 
portation, and distribution) at $200 billion. Just how 
much capacity industry as a whole, or any given in. 
dustry, has is impossible to measure. 

Capacity is a most elusive concept. In a technical 
sense, the capacity of an industry is the combined 
production of all its plants working 24 hours a day, 
365 days a year, less an allowance for repairs, break. 
downs, and other technical factors. Actual capacity 
is far less, however. Some facilities are obsolete or 
high-cost. Supplies of raw materials and components 
may be insufficient to keep assembly plants running 
full-steam. Moreover, demand for many products 
isn't great enough to support round-the-clock pro. 
duction. 


PLENTY OF CAPACITY 


During the past quarter century, however, experi- 
ence shows that we have had more than enough 
overall capacity, and more than enough capacity in 
almost every industry, to meet all demands. An ex- 
tensive study showed that even in 1929 only the steel 
and machine tool industries were definitely operat. 
ing at capacity. 

The growth of productivity as old machines are 
replaced with new and more efficient ones and as 
new techniques are developed is one of the main 
reasons why industrial capacity more than keeps 
pace with markets. The depression of the 1930's led 
to a net retirement of about 5% of total manufac- 
turing facilities but manufacturing plants in 1939 
could have turned out a quarter more than in 1929 
because productivity was a third higher. 

Whenever an industry’s output begins to approach 
technical capacity, it becomes profitable to purchase 
new and more efficient equipment to replace or sup- 
plement existing machines so that a certain amount 
of excess capacity seems to be inevitable in a free 
enterprise system. 

Estimates of the level of industrial production in 
different lines under conditions of high-level employ- 
ment during the 1950 decade are shown in the chart. 
They assume that past trends will continue so that 
they give only a rough idea of what would happen 
to output in each industry. Unpredictable shifts of 
consumer demand or new product developments 
might cause a big change in the pattern of industrial 
production. Such estimates are, nevertheless, useful 
in that they provide a clue to lines where the largest 
increases may take place. 

None of the projected increases are so large as to 
tax our ability to provide enough capacity. This is 
not to say that there will be no bottlenecks because of 
lack of capacity for certain components, for instance. 
However, we should be able to make good in short 
order any deficiencies of that sort that may develop. 
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DEMANDS VERSUS NEEDS 


Despite the substantial increase in living standards 
which would be possible with high-level production 
and employment in the 1950 decade, many U. S. 
consumers will be unable to buy enough of life’s 
necessities to maintain themselves at a health and 
decency level. Almost 30% of all families would re- 
ceive less than $1,000 a year cash income and one- 
third of this group would receive less than $500. 

The 20th Century Fund asked a series of experts 
to estimate the quantities of food, clothing, housing, 
medical care, and other things needed to provide a 
standard of living at a minimum health and decency 
level. The experts also figured out how much it would 
cost to bring everyone expected to be below that stand- 
ard in 1950 and 1960 up to the calculated level. In 
other words, the estimates show the cost of establish- 
ing a “floor” for consumption without disturbing the 
spending patterns of those who received more than 
enough income to satisfy the calculated minimum 
needs. 


ESTIMATES OF NEEDS 


Any estimate of “needs” must rest upon someone’s 
opinion as to what constitutes “health and decency” 
in this day and age. In the case of food, the nutri- 
tional requirements of a minimum health and de- 
cency standard can be determined accurately. In 
other fields, such as housing and education, even the 
experts would disagree over what constitutes a mini- 
mum standard. 

However, what is important is not the precise size 
of the estimates but their general magnitudes. The 
conclusion that we would have to spend about 50% 
more on medical care than we are likely to in 1950 
is important even if the experts’ appraisals of the defi- 
cit range from as high as 60% to as low as 40%. 

To fill total needs caleulated in this manner would 
require production of $200 billion of goods and 
services in 1950 or 13% more than the $177 billion 
which would be turned out with high-level produc- 

tion and employment. In 1960, es- 
timated production would fall 
short of needs by 8%. Food ac- 
counts for the biggest share of the 


MEET deficit but needs outrun demand by 
important margins in housing, 

OST ALL medical care, education, and social 
security. 

R NEEDS To provide nutritionally ade- 


quate moderate-cost meals for 

those unable to afford them would 

add $5.5 billion to the $27.2 billion 

that would actually be spent on 
food in 1950. This assumes no change in diets of those 
with adequate incomes despite the fact that many 
people in those groups do not eat what they should. 
If we all ate what we needed, we would consume twice 
as many fresh vegetables as in 1940, half again as much 
milk, more fruits and tomatoes; and we would eat 
smaller quantities of sugar, sirups, fats, and oils. This 
better diet would cost us less than we will actually 
spend for food in 1950. 

So large a portion of our existing housing is un- 
satisfactory by any reasonable standards that it would 
take 10-15 years to provide everyone with adequate 
housing. One of the reasons why we don’t have ade- 
quate housing is that many consumers cannot afford 
to pay enough rent to finance it. Estimated expendi- 
tures in 1950 for rent (including the estimated rental 


value of owner-occupied homes) would run to $14 
billion as against an estimated need of $16.4 billion. 

Vast advances in medicine have gone far toward 
eliminating many diseases and have brought about a 
steady improvement in the standard of health. How- 
ever, large numbers of people in the lower income 
groups cannot afford adequate medical care. More- 
over, to supply good medical care for everyone under 
the traditional fee-for-service basis would cost several 
times more than consumers have ever spent for medical 
services even in prosperous years. Development of an 
effective form of group medicine, however, would 
make it possible to provide adequate care at a great 
saving over present costs, according to the 20th Century 


Fund. 


HOW CONSUMPTION WOULD COMPARE WITH TOTAL NEEDS 


(Figures in billions of dollars) 


1950 1960 
1 FOOD 3 
3 SHELTEP 3 


CLOTHING 





MEDICAL CARE 


3 EDUCATION 





THE U. $. ECONOMY FACES A CHALLENGE 


PRODUCTION HAS GROWN FASTER THAN POPULATION 
GIVING PROMISE OF RISING LIVING STANDARDS 


— 


The major conclusion of the 20th Century Fund's 
survey of America's needs and resources is that we 
have reached a point where we can provide everyone 
with a decent living and most people with a living 
which, by any standards other than our own, is posi- 
tively luxurious. With high-level employment, it would 
take only a 13% increase in total output in 1950, and 
an 8% increase in 1960, to lift everyone to a minimum 
health and decency standard of living. 

We have more than enough industrial and agri- 
cultural capacity to support that much of an in- 
crease in total production, Lack of natural resources 
should not be a bottleneck, for with world trade on 
any sort of a reasonable basis we will be able to get 
all the raw materials we need. 

The only limiting factor is the capacity of our labor 
force to produce. The 20th Century Fund assumes that 
productivity will advance at the average rate actually 
achieved during the past 9 decades (18%). But there 
is no technical reason why we cannot achieve an in- 
crease of more than 30%. That would make possible 
enough production to meet our minimum needs, 

The U. S. economy has exhibited two dominant 
characteristics in the past century. Our productive 

capacity has expanded at a rate never approached 
elsewhere. But our economy has also been highly un- 
stable. Our problem is to make the most of our un- 
paralleled technological and productive know-how 
while minimizing the swings of the business cycle. 

If we can meet that challenge, we can eliminate the 
specter of want and move on toward constantly rising 
living standards for everyone. Never before in history 
has a nation been so close to abolishing poverty and 
meeting the material demands of its citize ns 

This is not to say that solving the problem of main- 
taining stable and expanding production would solve 
all our economic, social, and political problems. Nor 
is it to say that a solution of the problem of keeping 
our economic machine running on an even keel is at 
hand. 

In the first place, the U. S. would not be a utopia 
even if we achieved the kind of high employ ment and 
production the 20th Century Fund is talking about. 
Many perplexing problems of how to best distribute 
our production would remain. Then there are a host 
of social and political problems which would still tax 
our efforts and ingenuity. Finally, there is the all- 
important question of how to maintain world peace. 

Most people would agree that the problem cf 
maintaining high employment and rising living stand- 
ards is still far from solution. Our ability to mobilize 
and direct our economic resources so as to keep our 
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CAN THE ECONOMY PROVIDE STEADY EMPLOYMENT AND 
RISING LIVING STANDARDS? 
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ACTUAL OUTPUT | 
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economy running on an even keel has lagged behind 
our ability to solve technical production problems 
Each businessman, each worker, and each consumer 
must somehow learn to act differently in many way: 
than he has in the past if we are to solve our number 
one economic problem. 

Just what changes in our economic life will be 
necessary no one knows. On our ability to find out 
these things and put them into practice in the nex! 
few years ‘depends our success in meeting the chal 
lenge which the 20th Century Fund's study under 
lines. That challenge is that we have within ov! 
grasp the ability to eliminate actual want from the 
U. S. and to provide more and more things for better 
living for everyone. 


Reprints of this report are available at a ne of 25¢ each to cover the cost of handling a analilia, Aiton 


orders to Department of Economics, McGraw-H 


I Publishing Co., Inc., 330 West 42nd Street, New York 18, N. Y. 
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Experimental Stress Analysis 


Proceedings of the Society for Experi- 
mental Stress Analysis, Vol. IV, No. 1. 
129 pages, 8% x 11 in., blue clothboard 
covers. Published by Addison-Wesley 
Press, Inc., Kendall Square Building, 
Cambridge 42, Mass. Price $6. 


Collection of 12 papers. ‘Titles of 
papers with respective authors are: 

A Graphical Method of Rosette 
Analysis. K. J. Bossart and G. A. 
Brewer. 

A Nomographic Solution to the Strain 
Rosette Equations. T. A. Hewson. 

A Nomographic Rosette Computer. 
N. Grossman. 

Photoelastic Analysis of a Spar Bulk- 
head in a Semi-Monocoque Airplane 
Fuselage. H. Becker. 

Stress Study of a Fabricated Steam 
Chest. A. W. Brunot and W. G. 


Schmittner. 


New Portable Stress Analysis Equip- 
ment. C. M. Hathaway. 

Measurement of Residual Stresses in 
Torsion Bar Springs. H. O. Fuchs and 
R. L. Mattson. 

Residual Stress Indications in Brittle 
Lacquer. C. W. Gadd. 

Mechanical Strain Gage Technique 
of Separating Strains Due to Normal 
Forces and Bending Moments. A. V. 
Huggenberger. 

Impact on Prismatical Bars. T. 
Davidson and J. H. Meier. 
Pressure of Plastic 

Forms. C. Macklin. 


The Stress Gage. R. E. Kern. 


Concrete in 


Corrosion of Metals 


Published by American Society for 
Metals, 7301 Euclid Avenue, Cleveland 
3, Ohio. 181 pages, 6x9 in. Red cloth- 
board covers. Price $3. 


Based on a series of five educational 
lectures given at the 27th National 
Metal Congress in February, 1946. 
Basic principles of corrosion are dis- 
cussed by Carl W. Borgman. Direct 
chemical attack and electro-chemical 
attacks are covered. 

The effects of environment and com- 
position on the corrosion of iron and 
steel are discussed by C. P. Larrabee. 
The rates of attack on low alloy steels 
by different types of atmospheres are 
given. 


W. O. Binder covers the corrosion 
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resistant properties of stainless steels 
and high nickel alloys. The effects 
of stress and heat-treatment are given. 
Proper application of special alloys to 
resist various corrosion agents is dis- 
cussed. 

The corrosion resistance of all the 
important copper base alloys is covered 
by H. L. Burghoff. The different types 
of corrosion to which these alloys are 
subject and proper application of the 
alloys are discussed. 

E. H. Dix Jr. covers the corrosion 
resistance of aluminum and magnesium. 
The results of service tests under many 
different conditions are given. 


Geometry of Engineering 
Drawing 


GroncE J. Hoop. 362 pages, 6x9 in. 
Tan clothboard covers. Third Edition. 
Published by McGraw-Hill Book Co., 
Inc., 330 W. 42nd St., New York 18, 
N. Y. Price $2.75. 


In this book, the author explains the 
basic theory and principles on which are 
based the understanding of each view, 
of the relations between views, and of 
the geometrical relations between the 
elements of structures. The need for 
thorough visualization is stressed. Pho- 
tographs are -used to make clear the 
procedure by which a new design is first 
visualized and is then represented in 
drawings. 


Electric Machinery 


MicHAEL — LrwscHiTZ-GARIK AND 
CLYDE C. WHIPPLE, Professors at Poly- 
technic Institute of Brooklyn. Two 
volumes, each 6V5 x 9V4 in., clothboard 
covers. Vol. 1, 290 pages, price $4. Vol. 
II, 576 pages, price $6.50. Published 
by D. Van Nostrand Company; Inc., 
250 Fourth Ave., New York, N.Y. 


This work is presented in two vol- 
umes: I, Fundamentals and Direct- 
Current Machines; II, ` Alternating- 
Current Machines, for undergraduate 
courses in electrical engineering. The 
principal aim of these two volumes is to 
provide the fundamental link between 
the basic laws of electrodynamics and 
the performance characteristics of the 
electric machines. 

Machines are treated from a general 
point of view and the features common 
to all of them are discussed in separate 
chapters. Such chapters are: the mag- 
netic circuit of the main flux, the mag- 
netic circuits of the leakage fluxes, 
losses and cooling, windings, the emfs. 
induced in a winding, and the mmfs. 
produced by a winding carrying cur- 
rent. In the treatment of the machines 
operating on the transformer principle 









(induction motors and synchronous ma- 
chines), of the commutator machines 
with salient poles (d.c. machines and 
single-phase series motor), and of the 
a.c. commutator machines operating 
with a rotating field (repulsion motors 
and polyphase commutator motors), 
the features common to each of these 
groups are emphasized. 


Aluminum Alloys and Mill 
Products Data Book 


Prepared and published by the Reynolds 
Metals Company, Inc., Louisville 1, 
Ky. 286 pages, 6x9 in. Cardboard 
cover. Price $2. 


A compilation of the chemical analy- 
sis and physical properties of the vari- 
ous aluminum alloys. The availability 
of the alloys in different forms is cov- 
ered. Dimensional tolerances of the 
forms are given. Weights of standard 
shapes are listed. 


Plastics Molds 


Gorpon B. THAYER. 272 pages 
6% x 9% in., blue clothboard covers. 
Published by Huebner Publications, 501 
Fairmount-Cedar Building, Cleveland 6, 
Ohio. Price $5.00. 


The third edition of this handbook of 
plastics molds has brought the subject 
matter up to date. Subjects covered 
include: Practical points in mold design 
and construction; materials for plastics 
molds; suggestions on design procedure; 
types of compression molds-design of 
simple, split cavity and side-opening com- 
pression type molds; design of a transfer 
type mold; design of simple, stripper- 
plate and loose-bar injection molds-in- 
cluding loading and ejector systems; 
mold building methods and equipment; 
methods of mold sinking; finishing meth- 
ods and equipment; molding screw 
threads in plastics; hard chromium plat- 
ing; plastic tooling; and estimating plas- 
tics molds. An introductory chapter 
covers definition of molds, requirements 
and factors in mold design, and general 
types of plastics molding. 


Louis J. Braprorp and Paut B. 
Eaton. Fifth Edition. 283 pages, 
514x814 in., clothboard covers. Pub- 
lished by John Wiley and Sons, Inc., 
440 Fourth Ave., New York 16, N. Y. 
Price $3.75. 

Without departing from the objec- 


tives of the earlier editions of this 
standard text, the fifth edition incorpo- 
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rates the significant changes that have 
occurred during the last six years 
to bring the text up to date. The addi- 
tions relate principally to the fatigue of 
metals, modern ideas concerning the 
nature of friction and lubrication, and 
the precautions necessary in designing 
aluminum parts. 


The Theory of Functions 
Of Real Variables 


LAWRENCE M. Graves. 300 pages, 
5% x 8% in., red clothboard covers. 
Published by the McGraw-Hill Book 
Co., Inc., 330 W. 42nd St., New York 
18, N. Y. Price $4. 


This book is an exposition of the more 
fundamental and generally useful parts 
of the theory of functions of real vari- 
ables; it also contains many results not 
generally found in the standard treatises 
on the subject. In this category are 
some of the theorems on implicit func- 
tions, differential equations, and Le- 
besgue and Stieltjes integrals. 

The subjects treated under chapter 
headings are: The real number system, 
point function and their limits, 
fundamental theorems on differentiation 
the Riemann integral, uniform converg- 
ence, functions defined implicitly, ordi- 
nary differential equations, the Lebesgue 
integral and the Stieltjes integral. 


sets, 


Experimental Plastics and 
Synthetic Resins 


G. F. D’ALELIO. 185 pages, 71⁄2 x 11 
in., red clothboard covers. Published 
by John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. Price $3.00. 


This is an extension of the author’s 
previous book, 4 Laboratory Manual 
of Plastics and Synthetic Resins. It 
consists of 97 experiments and 27 test 
methods that demonstrate the chemical 
reactions used in the preparation of 
plastics materials. It is not intended to 
be an instruction manual of manufac- 
turing procedures. Its aim is to dem- 
onstrate to the student the chemical 
principles involved in polymer forma- 


Aircraft Drafting 


Hyman H. Kartz. 386 ages 815 x 11 
in., black clothboard covers. Published 
by the Macmillan Co., 60 Fifth Ave., 
New York, N. Y. Price $5. 


The employer's point of view has 
been kept in mind in this text and refer- 
ence for beginners, students and other 
draftsmen who desire to enter the engi- 
neering branch of the aircraft industry. 
The book assumes no previous drafting 
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or special technical training of the stu- 
dent. The author has attempted to 
coordinate aircraft drafting with func- 
tional engineering information. After 
taking the reader through the fundamen- 
tals of drawing technique, orthographic 
projections and elementary drawings 
are discussed. From dimensioning, the 
discussion goes into pictorial drawing, 
so important to the aircraft industry. 
An interesting and valuable aid to the 
inexperienced is contained in chapters 
in which the author discusses materials 
used in aircraft and the property of 
materials used in general, machines and 
processes, fasteners, standard parts, 
dash numbers, bills of materials and 
calculation of weights. The final chap- 
ter on lofting is valuable. Problems are 
included for each chapter. The entire 
text reflects the practical approach to 
aircraft drafting. 


Designing With Magnesium 


Prepared and published by the Ameri- 
can Magnesium Corporation, 2210 
Harvard Avenue, Cleveland, Ohio. 323 
pages, 6x9 in., gray paper board cover. 
Price-gratis. 


A comprehensive summation: of in- 
formation pertaining to the design of 
parts of magensium and magnesium al- 
loys. Proper application of magnesium 
and magnesium alloys is discussed. 
Methods of fabrication are outlined 
and design details pertaining to each 
method are given. The physical prop- 
erties of the various alloys are dis- 
cussed in detail and tvpical values are 
given. Joining methods suitable for 
use with magnesium are outlined. 
Tables of weights of sections and 
dimensional tolerances are included. 


Electric Power Equipment 


J. G. TansBoux, Professor Electrical 
Engineering, Cornell University. Third 
edition, 493 pages, 534 x 8V4 in., cloth- 
board covers. Published by the Mc- 
Graw-Hill Book Co., Inc., 330 W. 42nd 
St., New York 18, N. Y. Price $6. 


A textbook or reference book that 
gives a “bird’s eye view” of the entire 
field of electrical power equipment from 
the powerplant to the customers’ meter. 

The scope of this book is broad, 
starting with a brief survey of power 
resources, a study of prime movers, the 
relation of steam to water power, a dis- 
cussion of loads and load graphs. It 
then discusses such topics as generating 
equipment, synchronous generator ex- 
citation, power-plant circuit layouts, 
switching equipment, transformers, 
meters and measurements, switch- 


boards, the calculation of short-circuit 
currents, current-limiting reactors, 
switches and circuit breakers, transmis- 
sion lines, relays, lightning arresters, 
substations, distribution systems, and 
closes with a short chapter on the eco- 
nomics of electrical service. 


Manual for Heat-Treating 
Services 


Compiled and published by the Metat 
Treating Institute, 420 Lexington Ave., 
New York 17, N. Y. 69 pages, 84x11 
in. Blue paper board cover, loose-leaf 
bound. Price $4. 


This book, which was written for the 
non-technical manufacturer, outlines 
the effects of the common alloying ele- 
ments in steel and lists the compositions 
of the standard steels.. It discusses the 
relation of heat-treatment to machin- 
ing and grinding operations and out- 
lines the basic rules for proper design 
to prevent heat-treating cracks. Sug- 
gestions on how to order heat-treat- 
ments are given. 

The various heat-treating processes 
and inspection procedures are described 
in simple terms. A glossary of heat- 
treating terms and several conversion 
tables are included. 


Freehand Sketching 
For Engineers 


WILLIAM TuRNER. 160 pages, 8% x 11 
in., paper covers. Published by the 
Ronald Press Co., 15 E. 26th St., New 
York, N. Y. Price $2.50. 


Freehand sketches for engineers is an 
often neglected subject. The author has 
assembled this textbook with an eye to 
improving the sketching ability of tech- 
nically trained men. It includes thirty- 
three pages on the basic theory under- 
lying engineering drawings and the selec- 
tion of proper views to show the object 
clearly and completely. The balance of 
the book consists of work sheets that 
have various problems for the student. 


Plastics Business 


Hersert R. Srmonps AND JosEPH V. 
SHERMAN. 439 pages, 534 in. Green 
clothboard covers. Published by D. 
Van Nostrand Co., Inc., 250 Fourth 
Ave., New York, N.Y. Price $5.00. 


This book deals primarily with the 
business of statistical aspects of the 
plastics industry, both internally and 
externally, compared with other indus- 
tries. It covers also the associated and 
related fields such as chemicals, syn- 
thetic rubber, plywood and paint. 


/ 
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Obtaining Brilliance with Acrylic Resins 


HENRY F. PEARSON 
Formerly Head of The Product Application Laboratory, Rohm and Haas Company 


Laws of interior reflection, the phenomenon of light piping, methods of obtaining 


prismatic brilliance. Discusses applications to increase the attractiveness of products. 


THROUGH ingenious use of simple 
laws of light, colorless transparent 
acrylic resins can be transformed into 
flashing pieces that rival gems and 
crystal in sparkling beauty and sur- 
pass them in adaptability. Acrylic 
plastics molded or cut for maximum 
interior reflection offer a scarcely 
touched medium for commercial de- 
sign and decoration. 

It is often only vaguely realized 
that the sparkling of diamonds and 
crystal is caused but in small part by 
Properties inherent in the materials. 
Without the carefully cut angles, pre- 
cious stones show little beauty. A 
diamond in the form of a thin flat 
sheet would be transparent, but that’s 


) . 
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all. There would be no sparkle—no 
“life”. 


its cut—that gives it brilliance. The 


It is the shape of the gem— 


same is true of acrylic plastics. 

A flat sheet of acrylic resin is re- 
markable in its perfect transparency 
and its freedom from color, but other- 
wise it is not unusual in appearance. 
However, when such material is pro- 
vided with properly located facets and 
bevels, it may be made as brilliant as 
properly cut as crystal. 
acrylic plastics are far more practi- 


Furthermore 


cal for most applications because they 
handle so easily. The flat sheets may 
be machined readily with either metal- 
working or wood-working tools, and, 
since they are thermoplastic, may be 


formed without difficulty into any 
shape. For production of large num- 
bers of identical parts, acrylic mold- 
ing power is available and gives re- 
sults fully comparable to 
obtained with the flat sheets. 


those 


Basic Laws of Light Transmission 


Whether a light source is applied 
specifically to “pipe” light through the 
object, or whether stray light in the 
atmosphere is to be used, the same 
three basic light laws govern design 
considerations. 

Simplest of the three laws is the 
well-known fact that light travels in 


straight lines. A ray of light may 
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Fig. | — Light can be p 

around corners because M. re- 
peated interior reflections. If an 
interior ray strikes the surface at 
greater than the critical angle, it 
will not escape from the plastic. 
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Fig. 2 — Light is refracted as it 
passes from air into water or 
other transparent material. The 
more obliquely it hits the surface 
at 0, the more the ray is bent. 


but 
each change of direction is a definite, 
The ray follows the same 
path in either direction. 

The 


where 


follow any sort of devious path, 
fixed angle. 


light-piping 
an acrylic 


phenomenon of 
light travels inside 
Is not a contra- 
law, although 
it may appear to be. Actu- 
ally, light-piping  fol- 
lows a series of short, straight lines, 
zig-zagging back and forth between 
the surfaces of the plastic. Fig. 1. 
At each surface, the ray is reflected 
at an angle equal and opposite to that 
at which it struck—which is the sec- 


rod around a curve 
diction of this 
at first 


the ray in 


first 


ond basic law of light. 

If a light ray strikes a reflecting 
surface perpendicularly it rebounds 
along the same path. If it strikes at 
any angle other than the perpendic- 
ular it is reflected at the same angle 
on the opposite side of an imaginary 
perpendicular line—hence the expres- 
sion, “an equal but opposite angle." 
The principle has been a matter of 
common observation in the case of ex- 
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Fig. 4 — Percent of incident light moh et first surface 
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ternal reflections, but it is important 
to realize that it is equally applicable 
to interior reflections. 

Reflection is the key to the whole 
science of sparkle in plastics, but since 
internal rather than external reflec- 
the third law of 
light—the law of refraction—comes 
into use. Light, when passing from 
one material into a different one, un- 
less it strikes the new material at a 
right angle, is deflected from its 
original path, continuing on its course 
in the new material changed in direc- 
tion. See Fig. 2. When light from 
the air enters into a plastic the angle 
between the light ray and a line nor- 
mal to the surface is less in the plastic 
than in the air. Specifically, in Fig. 
3 angle N’OA’ is smaller than angle 
NOA. 


tions are involved, 


The more obliquely the ray hits, the 
more acutely it is bent in the plastic; 
a ray that is just grazing the plastic 
surface, angle BOB’ in Fig. 3, enters 
with the greatest possible refraction 
—an angle of 42.2 deg. from the 
vertical. This angle is the critical 
angle for Plexiglas and would vary 
slightly with other acrylic resins. 


The Source of Brilliance 


To simplify the technical aspects 
of this discussion the assumption is 
made that all of any given ray follows 
the path indicated. Actually, the 
portion of any light beam entering 
the surface varies with the angle ot 
incidence. However, the portion lost 
by reflection is negligible except for 
very oblique angles of incidence. The 
refraction reflection data of a specifi 
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acrylic, Plexiglas, are used to illus- 
trate the discussion immediately fol- 
lowing. The figures are closely simi- 
lar for other acrylics. 

In all ordinary thicknesses Plexi- 
glas will transmit all visible wave 
lengths (3600 A to 7200 A) of 
light as fully and faithfully as any 
other known solid of the same index 
of refraction. The percent transmis- 
sion is 92 and the optical density is 
0.036. 

The maximum possible light trans- 
mission for any material having two 
flat and parallel boundary surfaces is 
given, with sufficient accuracy for 
practical purposes, by the equation: 





2 (n — 1)? 
Percent transmission ={ 1 — - — }100 
: wal 
when the material is in contact with 
air on each surface and where n is 






-Cube of 


transparent 
ecrylic resin 





Fig. 7 — Light striking the face 
of the pee is. transmitted 
si 


through gn so that the plas- 
tic appears transparent but not 
brilliant. The beveled edges, 
however, will a mirrored. 
Further, they will reflect light 
across the sheet so that the let- 
ters are, in effect, edge-lighted. 
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the index of refraction of the mate- 
rial. This relationship holds for ma- 
terials that do not selectively absorb 
or reflect light within the wave length 
range to which the relationship is 
applied. 

By substituting the value of 1.49, 
the index of refraction for Plexiglas, 
in this expression, the maximum light 
transmission theoretically possible is 
found to be 92.3 percent; the remain- 
ing 7.7 percent is reflected, approxi- 
mately 4 percent at each of the two 
surfaces. Since the transmission of the 
plastic actually measures 92 percent 
in the visible range, we can conclude 
that it does not selectively reflect or 
absorb light. Of course the eye tells 
us this when we observe that it has no 
color. 

If the light strikes the surface of 
the plastic at other than normal ( per- 
pendicular) incidence, the reflection 
at this surface will be greater than 
4 percent. The amount of light re- 
flected by the plastic at the surface 
of incidence is shown on graph Fig. 
4. 'The experimental data as shown 
by the points checks closely with the 
curve of theoretical values. 

Since light follows the same path 
in both directions, a ray of light in an 
acrylic plastic traveling toward the 
surface at an angle of 42.2 deg. from 
the vertical or less, ray A-A' in Fig. 5, 
passes out of the plastic into the air. 
If the ray in the plastic strikes the 
surface at an angle greater than 42.2 
deg. with the normal, ray B-B' in 
Fig. 5, or less than 47.8 deg. with the 
surface—the ray will be unable to 
emerge from the plastic. Instead it 
will be reflected at an equal and op- 
posite angle and remain within the 
plastic. Fig. 6 illustrates the trans- 
parency and opaqueness phenomena 
caused by these laws of interior reflec- 
tion and refraction. 


Applying Internal Reflections 


In this way, light may be reflected— 
with mirror-like perfection—from a 
transparent material. The effect, pos- 
sible only with internal reflections, 
is the source of the sparkle of acrylics 
designed for brilliance. Brilliance is 
obtained only when the design is on 
the back of the plastic that is viewed 
through a flat front surface—only by 


this means are internal reflections 


utilized. 
The effect suggests many possible 
applications. It is readily produced on 








The. prism,seen from in front, 
reflects light to the eye, 





DÙ 


but sten from the reor 
only refracts the light. 





seen obliquely, ont 
one base is reflective 


Fig. 8 — Position of the eye 
changes the effective brilliance 
produced by a 45 deg. prism. 


Sue 


flat pieces, such parts as box lids, 
signs, dials, or plaque bases by the use 
of polished 45 deg. grooves or bevels 
on the back of the piece, as in Fig. 7. 
Long, slender acrylic prisms can be 
bent into handles, knobs or moulding, 
tied or twisted into noveltv pieces, 
used in display fixtures, or adapted 
to any of numerous other applications. 
In all of these cases, the light is re- 
turned from the prismatic surface at 
the back to the flat front surface, and 
the reflection may be so brilliant that 
the plastic appears to be silvered. 


The 45-deg. angle suggested above 
is recommended for most cases where 
the object will be viewed “head on”, 
since a 45 deg. angle is easy to meas- 
ure and to produce. Such a surface 
in a prism reflects light that hits it 
at right angles. A 90 deg. prism con- 
sisting of two 45 deg. angles there- 
fore will turn light around, as in 
Fig. 8, reflecting it in the direction 
from whence it came. 

If, however, viewed from an angle 
instead of from directly in front, a 45 
deg. prism becomes partially trans- 
parent. Thus if the characteristic of 
total reflection is to be maintained, it 
is necessary to consider the angle of 
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view, Fig. 8, in designing the part. 

The diagrams in Fig. 9 show the 
proper angle of cut to use to secure 
total reflection when the plastic is 
certain oblique angles. 
In general, prism angles between 30 
deg. and 42.2 deg. will show prismatic 
brilliance from one of the lower bases 
when viewed obliquely. The angle of 
view at which total or near total re- 
flection will be observed varies widely, 
but the range is about 30 deg. for the 
most commonly used prisms. Where 
it is impossible to design prismatically 
but brilliance is desired, the practical 
rule for the designer is to keep the 


surfaces as far from parallel as pos- 


viewed at 


sible. Fig. 11 gives an example. 
From the considerations above, it 

becomes apparent that an object can 

be made dull or brilliant, transparent 


or mirror-like, simply by changing the 
relationship between the surfaces and 
the line of sight. A simple sheet or 
moulding can be made to reflect bril- 
liantly by providing on the reverse side 
of the sheet, as in Fig. 12(a), a series 
of polished 45 deg. cones, pyramids 
A scribed line cut at an 
angle of 45 deg. with the surface of 
the sheet may appear from the opposite 
side as a line of brilliant light, its 
width depending on the depth of the 
cut, sketched in Fig. 12 (b). An 
edge can be rendered brilliant when 
viewed through the opposite edge if it 
is double beveled into the form of a 
"V", thereby sending the light back 
out. An extension of this idea, shown 
in Fig. 13, is a mirror-like plastic 
frame for picture or instrument dial. 

Since a transparency is made bril- 


or grooves. 


Exit light 
roy angles 


| 9847 
l i 


S 


Oblique 
brilliance 


Head on 
brilliance 
(most used ) 


No brilliance from 
light entering front, 
on/y from light 
entering the sides 


Fig. 9—Prismatic brilliance chart. This shows the prism 
angle that will produce the greatest brilliance for any 
given position of the observer assuming front light. 
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pull. 


liant when angles are placed on the 
inner surface, it is evident that trans- 
parent, sculptured pieces are un- 
avoidably confused in appearance. In 
an opaque carving the front surface 
alone is visible, but in a transparent 
material the second surface reflections 
are more visible than those on the 
front. When viewed from the front, 
therefore, the back surfaces of a plas- 
tic sculpturing would appear more 
visible than those on the front, as in 
Fig. 14. It is possible to make a three- 
dimensional sculpture in a transpar- 
ency and yet secure a pleasing, at- 
tractive result. But in general, be- 
cause of the limitations imposed by 
the behaviour of light in such appli- 
cations, ordinary three-dimensional 
sculpturing must be considered more 
novel than practical. A more practi- 


Fig. 10—(A) An example of an unusual type of drawer 
Interior reflections enhance 
(B) A door knob of Plexiglass, grooved for brilliance. 


its attractiveness. 
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Fig. | I—The surfaces are as far from 
liance from any angle. Fig. 12—[a) W 


h 


FIG.13 


Instrument dial 
or picture 


(opaque) 


Reflecting frame 


arallel as possible. Therefore this acrylic resin faucet handle reflects bril- 
y scribing or grooving on the rear face produces reflections. (b) The depth 


or width of the cut will determine the width of the band seen by the observer. Fig. 13—How a frame can be given 
a prism cut to produce reflection, a useful technique with instrument dials. 


Fig. 14—OGrooves on the far side of these furniture knobs add brilliance to the acrylic. 


Fig. 15—One surface of these pieces is covered with pyramid shaped facets, the other is flat. The left-hand views 
of each object shows how much more brilliant the acrylic resin part is when the pyramids point away from the 
camera; that is, when the design is on the back or second surface so that interior reflections reach the eye. 


cal and increasingly popular form of 
decorating by carving is in relief 
sculpture, where the work is done in 
intaglio on the reverse side of the 
sheet. 


Conclusion 


Designers and fabricators may find 
in the foregoing discussion evidence 
that the technique of designing for 
xilliance is highly technical and quite 

(mplicated. This is quite true, but 
it need not discourage those who do 
Mav, 1947 
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not have this specialized background 
from entering the field. In spite of 
the work that has been done in mak- 
ing the production of brilliance a 
simplified process, it is still a problem 
that cannot be handled entirely on 
the drafting board. Because the light 
source and the position of the eye 
are both variable, interior reflections 
from transparent objects cannot be 
predicted always accurately. 

The principles of light behaviour as 
set forth here are basic aids for the 


designer, but to secure the most ef- 
fective brilliance in any particular case 
the fabricator will still need to add 
to these principles the result of in- 
telligent experimentation. 

Brilliance, which depends on such 
stray light as may fall on the object, 
is only one of the possibilities of 
acrylic resins. By deliberately intro- 
ducing light directly into the plastic 
many new effects can be produced. 
“Piping” light with acrylics will be 
discussed in a subsequent article. 
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Forces and Stresses 
In Clutch and Brake Bands 


A. C. RASMUSSEN 


Consulting Engineer 


Fundamental formulas, tabular data and design calculations to illustrate the appli- 
cation of the formulas and data in brake design. Several new mathematical rela- 


tions are derived, as well as the standard exponential and logarithmic relationships, 
which also are derived as a background and for completeness of presentation. 


CLUTCH and. brake bands of the 
flexible type, which are commonly 
used in power excavators, hoisting and 
other machinery, can be designed to 
utilize more effectively the friction 
materials if two pieces rather than 
one be used. Unequal friction coefh- 
cients on the two pieces are required ; 
the two-piece design permits the use 
of materials with different and other- 
wise desirable physical and mechanical 
properties. 

Any analysis of the forces and stres- 
ses in flexible bands requires a work- 
ing knowledge of the exponential 
curve and its application. For com- 
pleteness, to obviate looking up refer- 
ences in books on mechanics and to 
lay the groundwork for subsequent 


mathematical treatment, the essential 
steps in the derivation of the brake 
band formula are repeated. 

Although an external contracting 
band is analyzed, an internal expand- 
ing band can be analyzed in the same 
manner. ‘Tension in the contracting 
band becomes compression in the in- 
ternal expanding band. Likewise the 
band ends are in tension with the 
external contracting band and in com- 
pression with the, internal band. 

Kinematical elements of a contract- 
ing band brake are shown in Fig. 1. 
Let 


b = width of the band; 

p = reaction per unit area of the drum 
against the inward radial forces pro- 
duced by the tension in the band; 

P = product of b and 9; 


T = tension at any section of the band 


toward the right; 
T + AT = tension at same section toward 
the left; 

u = coefficient of friction; 

S = length along band. ; 
With clockwise rotation of the drum, 
Tı at the anchor end is greater than 
Tə at the actuating end by the amount 
of the rim friction. Likewise at the 
extiemities of an increment AS in 
length, the tension to the left is 
greater by the increment AT than 
that to the right. Equating vertical 
components of the forces, 

PAS = (T + AT) sin ] Aa + 

T sin $ Aa (1) 

As AS approaches zero, Aa becomes 
dx and AS becomes dS. Also sin 
Ag becomes practically equal to 
12 da. 'The product AT' sin '4Az is 





Unit pressure of 


/b. per sg. in.^«. 
P 10. per sg. fas je jda 

















T+AT ; + T binches 
$da- Tota/ pressure: T+AT wide ~~ 
N pb4S -PAS 
Unit pressure 
"— (8) p Ib. per Sq. in. 
friction p 
material, Drum rotation 
b inches 
wide Za 
A ? (T*47) sin $e 
F= fofo/ Y 1 —" 
frictional / 
force 
e T- FI G. 2 (A) 
FIG.1 Anchor 
Actuating t 7 T 
Anchor 1 7 ctuating ree 
Fig. | —Kinematical elements. Drum, anchor and flexible band of friction material, and the forces 
acting upon them during braking action. Fig. 2—{A) Force polygon; (B) free-body diagram of a 
small section from the flexible band; (C) distribution of the reactions of the drum upon the band. 
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an infinitesimal of the second order 
and can be ignored. 

PdS = Tda (2) 
From equality of moments about the 
center, O, and with AS and Ag taken 
as dS and da, respectively 

T+dT=T+4u4PdS (3) 
so that j 

dT = uPdS (4) 
Combining Equations (2) and (4) 

dT/T = uda (5) 
Integration of Equation (5) gives 
either the exponential form or the 
logarithmic form; namely, 

log, T, — log, T» — log, Ti/ T; — u0 (6) 
Where the limits for the angle a have 
been taken between zero and 6, the 
angle of wrap in radians. For calcu- 
lations using common  logarithms, 
Equation (6) becomes 

log T/T = 0 43429 u0 (7) 
The angle of wrap ıs usually known 
in circular measure or in degrees. To 
convert the radian angle of wrap to 
degrees let $ equal the angle of wrap 
in degrees, then the relation is 

6 = ro/180 (8) 

If T,/T. is designated by y, Equa- 
tions (7) and (8) combine to give 

log y 2 0.0075799 46 (9) 
If y is expressed as an antilogarithm 

y = antilog 0.0075799 u@ (10) 
Numerical values of y corresponding 
to products of ud from 1 to 200 are 
given in Table I. Generally in de- 
sign the angle @ is stated precisely 
while an allowance is made for un- 
certainty in the coefficient of friction 
p. It is logical therefore to consider 
the product as an approximation and 
to think in terms of products instead 
of two separate quantities. For in- 
stance, » equal 0.30 with a wrap of 
260 deg. gives a product of 78. A p 
of 0.40 and the same wrap yields 104 
as the product. 


Total Frictional Force 


Let F, Fig. 1, be the total frictional 
force between the drum and the band, 
then 

F = 1,- T, = T(y-1) = 

Ti(y — 1)/y (11) 
If the quantity 1/(y—1) is repre- 
sented by z, then 

Tz = Fz and Tı = F(z + 1) (12) 
Values of z are also tabulated in 
Table I for convenience in calcu- 
lation. 

Unit pressure of the band against 
the drum varies as the tension in the 
band. Since the tension varies from 
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one point to another throughout the 
entire angle of wrap, the pressure 
against the drum will not be uniform. 
It will be maximum under the band 
where the band is in maximum ten- 
sion and it will decrease directly in 
proportion to the decrease of the ten- 
sion in the band, excepting those posi- 
tions where the band becomes tangent 
to the drum, Fig. 2(C). If b is the 


width of the drum and r its radius, 


l—y and z Factors for 


Ciutch and Brake Bands 


@ = contact angle in degrees. 
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0.0338 
0.0332 
0.0326 
0.0203 
0.0314 


0.0849 
0.0833 
0.0817 
0.0802 
0.0787 


the increment of pressure correspond- 
ing to an increment of angle Aa is 
pbr Aa. This is the reaction of the 
drum against an increment of equal 
area on the band, Fig. 2( B). But the 
band pressure on this area is 

T sin ła + (T -- AT) sin 34a 

Equating these two increments of 
pressure and making ‘Aa small so 
as to equal sin 754a, the following 
functional relation of the unit pres- 
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sure and the tension, T, at any posi- 
tion on the drum is obtained ; namely, 

p= T/br (13) 
If pı and po be the unit pressures 
under the band near the two ends 
where the tension is Tı and Tə re- 
spectively, then 

pi = T,/br (14) 
Obviously the pressures between the 
band and the drum are zero at the 
exact points of tangency, Fig. 2(C), 
but the pressures build up so rapidly 
near these points of tangency that 
they can be used as the end positions 
in all design calculations. 

Frequently the tension in an ex- 
ternal contracting band or the com- 
pression in an internal expanding band 
is to be determined at some inter- 
mediate point or at several inter- 
mediate points. 

Solving Equation (9) for y gives 

y = 109.0074 = 1.01761 4% — (15) 
For convenience let the constant 
1.01761 be replaced by the letter i, 
then 

y = 14 (16) 

By Fig. 3 a 240 deg. angle of wrap 
is shown divided into three equal por- 
tions between the four positions 1, 


r= T2/ br 


2, 3 and 4. Assume that p equals 
0.30, then u$» equals 24 for position 
2. Equation (16) for these numerical 


values becomes 


y2 = ™ = 1,520 (Table I) (17) 
Likewise from Table I 

ye = i = 2,311 (18) 
ne doo 3.90 (19) 


Further, ys/ye equals i**/i** equals 
1.520 and so on. In words, y for the 





total angle of wrap is equal to the 
product of the y values for portions 
of the whole angle, provided the por- 
tions total up to the whole angle. 
This characteristic of the exponential 
curve can be used in design calcula- 
tions in several different ways. 
Another significant property of the 
application of the exponential curve 
or its equivalent in logarithmic form, 
Equation (6), is that the tensions are 
independent of the drum radius. Unit 
pressures, on the contrary, Equations 
(14), vary inversely as the radius. 
In the effort to obtain higher fric- 
tional couples in a clutch or in a 
brake, friction material manufacturers 
have developed materials that have 
relatively high coefficients of friction. 
When these materials are loaded to 
high unit pressures in conjunction 
with high rubbing speeds, tempera- 
tures are likely to develop high 
enough to soften the binder constitu- 
ents. The surface of the material 
begins to disintegrate and the condi- 
tion known as “fade” sets in. Nat- 
urally fade occurs at the heel end 
where the pressures are highest in- 
stead of at the toe or leading end 
where the pressures are much lower. 
These pressures can be more nearly 
balanced by using two pieces of lining 
on a band, placing the harder mate- 
rial with the lower coefficient of fric- 
tion at the heel where the high pres- 
sures normally occur and that with 
the higher coefficient of friction, at 
the leading end. The effect of using 
a two-piece band with a higher co- 








Anchor 


for pressures 
to 100 /b. per 
5g. 177. + 
p s 0 40 ^ 


Fricfion 
material for ' 
pressures to 150 
/b. per sq.in 

p= 0.30 









py" 
width= 3"=b 


Fig. 3—Diagram to accompany the comparison of the y fac- 
tors at different positions along the contact between the drum 
and band. Fig. 4—Flexible band composed of two pieces of 
friction material having different properties and characteristics. 
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efficient material at the leading end 
is somewhat the same as using a larger 
angle of wrap with the lower coefh- 
cient material over the whole length. 


EXAMPLE 1. A 270-deg. band, 18-in. 
in dia. by 3-in. wide, is lined along 
80 deg. at the anchor end with mate- 
rial that will stand 150 lb. per sq. 
in. pressure and that has a coefficient 
of friction of 0.30. On the remain- 
ing 190 deg. of length, a material is. 
used that will stand only 100 Ib. pe: 
sq. in. pressure but that has a coeffi- 
cient of friction of @.40. The fric- 
tional couple and the necessary actuat- 
ing force are to be determined. 


For the 80 deg. portion, 
up = 0.30 X 80 = 24 
From Table I, 
y = 1.520 
For the 190 deg. portion, 
uo = 0 40 X 190 = /6 
and 
y = 3.768 


The over-all value of y is the product 
of the two y values just determined, 

y = 1,520 X 3.768 = 5.727 
Since the maximum unit pressure at 
the heel end is limited to 150 lb. 
per sq. in., the maximum tension, 7’, 
is found from Equation (14), which 
is rewritten as 

Tı = pir — 150 X 3 X 9 — 4,050jlb. 

At the junction of the two linings, 
the tension in the band is, by defini- 
tion of the ratio y, such that 

Tz = T;/y = 4,050/1.52 2 2,6647lb. 
in which the value of y is taken from 
Table I to agree with an angle of 80 
degrees. 

Pressure of the lining against the 
drum at the junction point is ob- 
tained from Equation (13), 

p = T/br = 2,664/3 X 9 = 

99 Ib. per sq. in. 

Consequently, the heel end of the 
softer lining is loaded to the maximum 
permissible pressure, that is 100 Ib. 
per sq. in. The actuating tension, 
which corresponds to a band angle 
of 270 deg. but having a computed y 
value of 5.727, is given by 

Tz = T,/y = 4,050/5.727 = 707,Ib. 
Lining pressure at the toe end, Equa- 
tion (14), is 
T2/br = 707/3 X9 = 
26 lb. per sq. in. 

The rim force, Equation (11), is 

F = Ti — T: = 4,050 — 707; =§3 ,343 Ib. 

The torque, by definition, is the 
product of the rim force and the 
radius, that is 3,343 x 8 equals 26,7++ 
pound inches. 

As shown in the foregoing analysis, 
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the effective value of y is 5.727. For 
a band of uniform material through- 
out the whole length to have equival- 
ent y value, a uó product of 100 
would be required, Table I. If the 
lining had a friction coefficient of 
0.30, the angle of wrap would be 333 
deg. The actuating force would be 
unchanged. 

To find the average unit pressure 
of the band against the drum is re- 
quired in some design calculations, 
particularly those in which means 
must be provided to dissipate the heat 
generated. The total frictional couple 
is the rim force, F. The total pres- 
sure over the whole area of contact 


is the quotient of F and p. There- 
fore if a is the average pressure, 
ba = 180 F/xbr ud (20) 


An average tension, T, is 
T, — 180 F/ruó (21) 
If the point of average tension y, 


AN ULTRA’ HIGH-SPEED CAMERA 
capable of taking photographs at the 
rate of 200,000 frames a second has 
been announced by the National Ad- 
visory Committee for Aeronautics. 
Developed for the purpose of visually 
“slowing down” the rapid combus- 
tion in an aircraft engine cylinder for 
leisurely study, the new camera will 
take ten photographs in the space of 
fifty millionths of a second. This is 
more than sufficient to stop the mo- 
tion of an object traveling at 4,760 
miles an hour. Inventor of the cam- 
era is Mr. Cearcy D. Miller, who 
is an engineer in the Aircraft Engine 
Research Laboratory of the National 
Advisory Committee for Aeronautics, 
in Cleveland, Ohio. 

Few things happen fast enough to 
require such high photographic speed. 
However, one such phenomenon is 
detonation in an engine cylinder. Long 
known but little understood, this 
power-limiting phenomenon can now 
be thoroughly analyzed. Although 
the detonation wave travels at rates 
as great as 7,000 feet per second, it 
can be “stopped” at close intervals 
by means of this camera. Photographs 
are taken through a heavy glass plate 
in the engine cylinder head. 

The camera is of the so-called opti- 
cal compensator type, which means 
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is desired, it can be found from 

ye 7 Ts/ Ts (22) 
From Table I, the value of pd to 
correspond to this y, is found, from 


which $ is readily computed since y 
is known. 


EXAMPLE 2. Suppose fg, T, and the 
position of maximum pressure are 
wanted for Example 1. As the first 
step toward the solution, the total 
pressure of each of the two linings 
is found separately. The sum of these 
two total pressures is then divided 
by the total area of contact to find 
the average pressure, a. On the 
80-deg. arc 
F = T, — T, — 4,050 — 2,664 = 
1, 386 Ib. 

Thus the pressure of contact against 
this arc 


F/p = 1,386/0.30 = 4,620 lb. 
Similarly for the 190-deg. arc 






200,000 Picture-A-Second Camera 


essentially that the photographs are 
taken with continuous illumination of 
the object, rather than with intermit- 
tant lighting by electric spark or other 
means. The light source is a high- 
intensity, gas-filled flash tube. Using 
stationary film, the camera produces 
204 stationary images in successive 
positions during the one-thousandth 
of a second interval of one flash. It 
is probably the fastest camera known 
using the optical compensator prin- 
ciple, and probably also the fastest 
that is capable of taking a series of 
photographs long enough to be re- 
garded as a sustained motion picture. 
When projected on a screen at the 
rate of 16 frames a second, the ap- 
parent duration of events on the 
screen is 12,500 times as long as the 
actual duration as photographed. At 
this rate, a complete photographic 
record of the recent P-80 flight across 
the country of four hours and thir- 
teen minutes would take six years 
to show on the screen. 

A previous camera, also invented by 
Mr. Miller, which took pictures at 
the rate of 40,000 a second, uncov- 
ered much new information on the 
subject of engine knock. But it was 
found that the occurrence of knock 
frequently took place in an interval 
of onlv fifty millionths of a second, 





F = T: — T: = 2,664 — 707 = 1,957 lb 
and 


F/u = 1,957/0.40 = 4,890 lb. 
The sum of these separate pressures 
is 9,510 Ib. But the total area of 
contact on the band is 

rbro/180 = x X 3 X 9 X 270/180 = 

127 .4 sq. in. 

so that 

pa = 9,510/127.4 = 75fib. per sq. in. 


Average tension then is 

Ta = Pabr = 75 X 3 X 9 = 2,025 lb. 
And the position of the average ten- 
sion is found from 

ye = Ta/T: = 2,025/707 = 2,864 
for which u$ equals 60 and $ — 150 
deg. since yu has a value of 0.40. If $ 
had been greater than 190 deg., the 
position of maximum pressure would 
have been within the 80-deg. area. 
Its exact position would have then 
been found with respect to the T end 
of the band. 


requiring much higher photographic 
speed. The new camera was de- 
veloped for this specific study. It will 
furnish series of pictures with only 
five millionths of a second between 
frames. Where the old camera took 
two frames, the new one takes ten 
in the same time interval. This 
makes it possible to study in detail 
the development and propagation of 
detonating combustion. A more rapid 
advance in the solution of this still 
unsolved problem is expected through 
use of this new research tool. 

Possible future applications of the 
ultra high-speed camera are very wide. 
It can be used in all kinds of high- 
speed airflow investigations such as 
supercharger and compressor studies 
where blade speed may be as high as 
20,000 rpm. In such cases, kerosene 
vapor is used to visualize the flow. 
It can also be applied to all kinds of 
high-speed machinery where analysis 
of complicated motion is required. 
Such uses include study of valve mo- 
tion, gears, looms, and many other 
fast, industrial machines. 

Whatever the subject may be, the 
camera marks a new peak in the high- 
speed photographic field. It will find 
use in many branches of science, where 
analysis of high-speed phenomena is 
required. 


The Quiet is 


Mount a Federal Bearing on a shaft...start the motor...then 
listen. The quiet you hear is a silent measure of Federal’s 
over-all precision. 

It means the ball track has been ground to a chatter-free 
finish and to just the right radius. The bore is cylindrical, 
not tapered or bell-mouthed; sides of the rings are parallel 
to each other and the ball track; the bearing is neither too 
tight nor too loose; and it has *purred" its way through 
Federal's rigid sound tests. 

Rounding out this precision package are Federal. 
manufactured balls, uniformly spherical within 
.000025" and not varying in diameter more than 


.00005" in any bearing. 


in the Package, too! 


Before any Federal Ball Bearing starts on its way to in- 
dustry's assembly lines it has gone the route of over 100 
individual production, inspection and cleaning operations 
... with every fourth operator an inspector. 

It all adds up to quiet running and smooth, friction-less 
operation wherever moving parts turn on Federal Bearings. 

That's why, wherever tolerances are tight, specify Federal 


Ball Bearings...in any range or size— 


THE FEDERAL BEARINGS CO., INC. * POUGHKEEPSIE, NEW YORK 


Makers of Sine Ball Bearings 


Detroit: 2640 Book Tower-26 * Cleveland: 402 Swetland Buildina-15 
Chicago: 8 S. Michigan Ave.—3 * Los Angeles: 5410 Wilshire Blvd.—36 


FEDERAL BALL BEARINGS 


ONE OF AMERICA'S LEADING BALL BEARING MANUFACTURERS 
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Graph for Determining Lug Shear-Out Distance 


WAYNE A. McGOWAN 


Aeronautical Engineer 


THIS GRAPH has been constructed to aid in the 
analysis and design of attachment lugs and tie-rod ter- 
minals. These fittings are widely used in various machines 
and structures and their strength can be predicted by 
reasonably simple calculations. The following factors are 
required to be known or determined: Shearing strength 
of rivet or bolt, shear-out strength of lug material, bear- 
ing or crushing strength of materials used, and the ten- 
sile strength of the attachment through the net section 
pierced by the rivet or bolt. Allowable strengths in shear 
and in bearing for standard rivets and bolts, and allow- 
able bearing strength for holes of various diameters in 
standard thicknesses of common materials are ordinarily 
available from reference tables and need not be calcu- 
lated. The tensile strength through the net section of 
the attachment is easily computed although the results 
obtained must be used with discretion in those cases where 
stress concentration effects are of importance. 

The calculation of the shear-out strength of the mate- 
rial between the edge of the rivet or bolt hole and the 
edge of the fitting has been found to require considerable 
effort and time, and as a result a simplified formula 
which indicates only the approximate strength is com- 
monly used. However, a more precise solution is easily 
accomplished by use of the shear-out distance graph as 
described below. 

The following letter designations are used in discus- 
sion: 


P, = allowable shear-out strength of lug, lb. 


R = radius of lug end form, in. 

r = radius of pin hole, in. 

7 = diameter of pin hole, in. 

v - shear-out distance, in. (see diagram) 
t = thickness of lug, in. 


F, = allowable shear stress of lug material, lb. per sq. in. 


t 
Approximate method 
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Revised method 


The shear-out strength calculated by the approximate 
method assumes the shear-out distance to be the distance 
between the edge of the hole and the edge of the attach- 
ment. For rounded end shapes this distance is equivalent 
to the difference between the end radius and the radius 
of the hole. The shear-out strength is calculated by use 
of the formula: 


P,-2(R—rtF, 


Calculation of the shear-out distance as used in the 
approximate method is equivalent to assuming that the 
rivet or bolt hole is square and that the attachment lug 
or terminal has a square end form. This gives results 
which are consistently conservative. 

To correct this, especially in the aircraft industry 
where weight must be kept to an absolute minimum, a 
new shear-out distance has been taken. With this new 
distance, designated as x on the diagram, the shear-out 
strength of the terminal can be accurately predicted. 
Actual strength tests have confirmed this. The shear-out 
distance x can be computed from either of the following 
equivalent formulas: 


x = VR —0.413 Fr —0.766r = VR — 0.103 £ — 0.383 d 


With the materials of the lug known, and with this 
computed value for the shear-out distance, the shear-out 
strength of the joint is found by: 


P,=2xtF, 


In designing a number of different lugs the empirical 
equations become cumbersome and the use of the graph 
speeds up the solution. In using the graph, the outside 
radius of the lug and the pin hole size are known. Locate 


| -» x offset 





^ Shear-ou? 
"distance =x 


Revised method for 
strap-end lug with offset 
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Here’s a real demonstration of severe fabrication which can be performed efficiently and 
economically on modern Republic ELECTRUNITE Tubing. Expanding, tapering and rolled- 
in threading are the operations involved in making this coupling for oil field shot hole 
casing—an application in which fast assembly, high joint strength and ease of dismantling 
are of primary importance. © ELECTRUNITE Tubing was selected for this applica- 
tion because extensive laboratory tests proved it to be ductile enough for greatest fabricating 
economy, yet strong enough that the rolled-in threads would resist up to 18,000 pounds 
pull. * In this, as in countless other cases, ELECTRUNITE Tubing proved that its only 
limitations are those of the equipment on which it is fabricated. Whatever your tubing 
problems, it will pay you to investigate the many advantages of ELECTRUNITE, in a wide 


size range of carbon, alloy and stainless steel analyses. Complete information on request. 


REPUBLIC STEEL CORPORATION 


STEEL AND TUBES DIVISION e CLEVELAND 8 OHIO 
*Photo Courtesy of Komp Equipment Co Export Department: Chrysler Building, New York 17, N. Y. 
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PRODUCT ENGINEERING -— 


value of R on the horizontal axis. Determine the inter- 
section of the vertical line from this point with the inclined 
straight line for the value of d used. Find the correspond- 
ing value of x where the horizontal line through the inter- 
section point meets the vertical axis. 


ExAMPLE: Find the shear-out distance for a lug with 
radius R equals 0.75 in., and pin hole diameter d equals 
0.375 in. 


SoLUTION : From the point 0.75 on the horizontal axis (1) 
extend a vertical line until it meets the inclined line, 4 
equals 0.375 at (2). Through point (2) extend a 
horizontal line to the vertical axis and read at (3), x 
equals 0.60 inches. 

Where the center of the pin hole and the point from 
which the radius R is drawn are not identical, but both 
are on the centerline of the part, the graph may be used 
by assuming the centers to be coincident; from the value 


1,00 


0.90 


0.70 


0.60 


Shear-Out Distance: *x’-inches 


010 0.50 


HA tt TA 
S22e2 
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of x thus determined, either add or subtract, as appro- 
priate, the amount of the off-set. 


EXAMPLE: Find the shear-out distance for a lug with 
radius R equals 0.75 in., and pin hole diameter d equals 
0.375 in. The center of the pin hole is off-set by 0.12 in. 
from the center of the end-form circle, in a direction 
towards the end of the lug (to the right in the diagram). 


SOLUTION: Follow the solution of the first example, but 
from the value of x found on the graph subtract ,0.12 to 
obtain the final answer of 0.48 inches. The shear-out 
strength of proposed lug designs can be predicted by use 
of this graph and formula, for all forms having semi- 
circular ends, ends made up of the arc of a circle, or strap 
ends of circular shape. Using this graph the theoretical 
strength of a lug design may be more easily calculated, 
and more accurately predicted than by use of the approxi- 
mate solution in more general use. 
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If you use bars or wire in your products, there's a good chance 
you can save time and save steel with standard or special shapes 
of Armco Stainless Steels. 

The various special shapes indicated on this page have given 
many manufacturers three big advantages. 


1. Less steel lost in machining 
2. Fewer fabricating operations 
3. Higher production 


Besides these special shapes, Armco's Rustless Division offers you 
a selection of more than 60 standard and special grades of stain- 
less steel bars and wire. There are grades for practically every 
requirement — for utmost corrosion resistance, strength at high 
temperatures, and for durability in rugged service conditions. 

Whether your problem is one of engineering or manufacturing, 
Armco engineers will be glad to supply you with information 
about stainless steel bars and wire for your products. Best of all, 
we can offer you quick deliveries of many shapes and sizes. 

For specific information just fill in the coupon below and mail 
it today. Address the Rustless Division, The American Rolling Mill 
Company, 3416 E. Chase St., Baltimore 13, Md. 


Have you turned in ALL your Steel Scrap? It's Needed — Critically ! 


The American Rolling Mill Company 
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Adhesive i 
Alloy, Control 
Capacitors ...... 
Center, Live ..... 
Changer, Voltage . 
Clutch i 
Controller ......... Eana ai 
Controller, Electronic 
Counter 
Cylinders, Air .... 
Detector, Flaw 
Drive, Fluid ... 
Equipment, Test 
Exchanger, Heat . 
Fittings Ri) : 
Hook, Self Latching 
Journals and Bearings.. 
Kilovoltmeters 
Material, Contact 
Motors, Electric .. 
Operator, Valve . 
Oscillograph . 

Paint, Heat-Proof 
Potentiometers 

Pump, Hydraulic .. 
Pump, Hydraulic .. 
Regulators, Voltage 
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Relay 

Resistors . 

Resistors . 

Rheostat . 

Sheaves . 

Solenoid 

Spectrometer 
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Switching . 

Table, Indexing à 
Take-Up, Ball Bearing.. 
Trap, Steam .... 

Unit, Hydraulic Power. 
Unit: Power 





Controller 


Taco West Corp., 2620 S. Park Ave 


Chicago, IN. 
Known as the Veritron, this electronic 
pyrometric controller is suited for di- 
rect installation ọn industrial furnaces 
and plastic moulding machines. The 
design permits the instrument movement 
to operate a heavy duty relay system 
without any physical contact or reac- 
tion effect on the indicating pointer. 
The relay is built in and has a load 


capacity of 3 kw., non-inductive. The 
electronic circuit requires no tuning 
or other adjustment. The control 


mechanism is stable, unaffected by line 
voltage variation, surge effects, tube 
aging or component changes. The meas- 
uring system is compensated for cold 
junction deviation, moving coil tempera- 
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.United States Rubber Co 
..Curie Point Alloys Co. 
.Aerovox Corp. 


..Marine Products Co 
..Taco West Corp 

. Foxboro Comoany 

.. Photoswitch, Irc. 


Manufacturer 


Sturdimatic Tool Co 
Superior Electric Co 


Fenn Mfg. Co 


.. General Electric Co 
. Twin Dise Clutch Co.. 


Adolph |. Buenler 
Eastern Industries, Inc.. 


.. Imperial Brass Mfg. Co 


W. H. Foster 


.. Farley M. Caldwell... 
. Shallcross Mfg. Co 


D. E. Makepeace Co 


. Electric Motor Corp 
. Ralph D. Ernest.. 
` Hickok Electrical Instrument Co 


Markal Company 


.. Fairchild Camera & Instrument Corp 
.. Denison Engineering Co 
. Industrial Hydraulic Corp 


Sorenson & Co., Inc... 


..C. P. Clare & Co.... 
.. Ward Leonard Electric Co 
.. Western Electric Co., Inc 
..Western Electric Co., Inc 
.. Electric Requlator Corp 
Worthington Pump and ene on 
. Practical Electric Co 


Baird Associates 


.. Thermix Corp. 


Counter and Control Corp 
Kaukauna Machine Corp 
Dodge Mfg. Corp. 


`. Armstrong Machine Works 
.. Vickers, Inc. . 
Vickers, Inc. 


ture coefficient, and 


magnetic 
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errors. 


Vital components of the measuring sys- 


tem are rigidly fastened to insure 
mechanical alignment. The complete 
instrument measures 7% x 534 x 5% in., 
and may be either flush or surface 
mounted. A full five inch mirrored 
combination scale is standard. 
Potentiometers 


Fairchild Camera and Instrument Corp., 


Jamaica, N. Y. 


With critical parts 


fabricated 


from 


precious metal alloys, this linear, wire- 
wound potentiometer, now available in 
single units or ganged in multiple on 
one shaft to provide independent volt- 
age outputs for several related vari- 
ables, gives accuracy of 0.1 percent in 





size, and 0.5 percent in the 
life generally ex- 


the 3 in. 
2 in. size. Service 
1,000,000 cycles, at 30 rev. per 
min. though certain high resistance 
windings give much longer life. The 
aluminum and phenolic plastic housing 
is carefully machined, and contact parts 
are composed of gold, platinum and 
silver alloys. It has torque requirement 
of less than 1 oz.-in. and a resistance 
from 100 to 100,000 ohms. It 
related variables of re- 


ceeds 


range 
is used for 


sistance, or voltage output, versus ro- 
tation. 
Rheostat 
Electric pig Coty 1915 Park 
Ave., New York : MN 
An automatic ihi pam known 
as the Regohm, operates on d.c. cur- 
rent, but can be used on a c. equipment 


in conjunction with a dry disk rectifier. 
The sensitive element is a solenoid coil 
which draws 1 watt. Plug-mounted this 
controller will operate in any position. 
A 10 watt external dropping resistor 
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is connected in series with the solenoid 
coil. The air dashpot can be adjusted 
to eliminate hunting, or to increase the 
speed of response. The solenoid spring 
can be adjusted to raise or lower the 


current required to operate the coil. 
With over-all dimensions of 2-3/16x 
1-15/x163¢ in. the unit weighs 7 oz. 


The rheostat provides 10 steps of con- 
trol resistance at up to 8 watts 
step. 4 is the maximum current 


the rheostat will handle. 


per 
amp. 


Oscillograph 


Hickok Electrical Instrument Co., 10544 
Ave., Cleveland 8, Ohio. 


A general purpose 5 in. 


Dupont 


oscillograph, 
Model No. 195, having sinusoidal sweep 
with phasing control is used in analyz- 
ing causes of trouble in a-receiver, and 
i The instru- 


in aligning and servicing. 





































ment is designed for accurate visual 
analysis of the wave shapes of tele- 


vision, FM and AM signals. It has 
high grain vertical amplifiers allowing 
a deflection of 1 in. for each 0.05 volts 
input. It will amplify and show very 
weak signals, and can be used to deter- 
mine unknown frequencies. 


Relay 


Ward Leonard Electric Co., Mount 
Vernon, N, Y. 

the Bulletin 108 Sensitive 
Relay, this unit is of the plug-in type 
mounted on a standard octal plug base 
and enclosed in a cylindrical metal can 
hermetically sealed against moisture, 
gases, dust and other detrimental at- 
mosphere conditions. The relay is pro- 
vided with a normally open single pole 
contact having contact ratings of 2 amp., 
24 volts a.c. or d.c, 0.75 amp, 125 
volts d.c. and 2 amp., 125 volts a.c.; a.c. 
ratings are for non-inductive loads at 
commercial frequencies. With an aver- 


Known as 
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age coil consumption of 0.056 watts, 
these relays are suitable for current 
sensitive applications from 1.3 milli- 
amp. to 0.54 amp. on d.c. and are ap- 
plicable for operation on nominal volt- 
ages from 0.1 to 48 volts. 


Switching 


Counter and Control Corp., 2737 S. 
28th St., Milwaukee 7, Wis. 


Providing automatic electric switching 
control at a predetermined instant this 
unit, known as the Cyclo-Monitor, has 
an automatic reset for repeated or con- 
tinuous operations. There are two 
types; the CMR actuated by a rotating 
shaft, and the CMS actuated by a re- 
ciprocating lever. This unit can be 
used where electrical control is desired 
after a certain number of lever strokes, 
or shaft revolutions. It has a positive 
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drive which cannot slip or miscount. 
‘The Cyclo-Monitor can be set for any 
number of counts between 1 and 2,000, 
or any even number up to 4,000. A 
higher range can be had by using a ratio 
reducing mechanism between the driver 
and the unit. The unit will work on 
speeds up to 5,000 r.p.m., or 1,000 
strokes per min, and the switch can be 
connected to provide either normally 
open or closed control. This switch is 
rated at 10 amp. for 125 volts, 5 amp. 
for 250 volts, or 3 amp. at 460 volts. 










Air Cylinders 
The Fenn Mfg. Co., Hartford, Conn. 


Where space is at a premium in the 
design of a machine, these cylinders can 
be built to conform to the limitations of 
the design without altering the power 
or the available pressure. All unneces- 





sary packing is eliminated, thus reduc- 
ing friction loss and maintenance costs, 
while adhering to design specifications. 
Built to provide accurate control of 
the piston velocity curve according to 
needs, the cylinders can be cushioned 
at either or both ends of the stroke. 
Complete cylinder valve can be fur- 
nished as a separate item or as an in- 
tegral part of the cylinder. Furnished 
in three types for air economy; single- 
acting; double-acting; and differential- 
acting. 






Spectrometer 


Baird Associates, 33 University Rd., 

Cambridge, Mass. 
Rapid and completely automatic an- 
alysis of various elements in a metal 
alloy is now possible with a direct read- 
ing spectrometer. This is accomplished 
by measuring electronically the intensity 
of spectrum lines. Individual spectrum 
lines necessary for analysis can be iso- 
lated, even in the iron spectrum, and 
their intensity measured with electron 
multiplier phototubes. The output cur- 
rent of the tubes charges a capacitor, 
which at the proper time, discharges 


TO THE MANUFACTURER 
WHO WANTS TO 


JOHNSON 


SA WEAN WENVALIATENS 
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into a meter reading directly in per- 
centage concentration of the component 
being measured. Spectrometric accuracy 
is increased because no photographic 
equipment is used, and because variation 
in film emulsions is not a factor. The 
unit occupies a space 5x12x5 ft. but 
the largest component will pass through 


a 30 in. door. 


Power Unit 
Vickers Inc., 1400 Oakman Blvd., De- 


troit 32, Mich. 


For installation convenience of hy- 
draulic equipment on industrial machin- 
ery, these self-contained hydraulic units 
standard and 
types of 20, 30 and 60 gal. tank capaci- 
with Vickers constant 
delivery vane type pumps. Three types 
of pumps are available in a range of 


are available in sizes 


ties equipped 





capacities; single and two pressure for 


1,000 and two stage for 2,000 lb. per 


sq. in. continuous duty operating pres- 
sures. Pumps are arranged to accom- 


modate electric motors of the users’ 
selection; coupled, or directly con- 
nected. Fabricated from cold rolled 


sheet steel, the oil reservoir serves as 
the base for the unit; consisting of a 
pump, combination filler 


cap and air cleaner, and oil level gage. 


suction filter, 


Electronic Controller 
Ihe Foxoboro Co.., 


Known as the Dynalog Electronic Re- 
cording Pyrometer, this instrument has 
no galvanometer, no slide wire, no dry 
cell, and requires no standardizing. The 
recording pen can traverse the full 
width of the chart in 1 sec. because the 
instrument is continuously in balance. 
For measuring and controlling tempera- 
ture, the instrument has a range from 
minus 200 to plus 2,800 deg. F. These 


Foxboro, Mass. 
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also in use for the 
control of humidity, 
force, strain, pH of a chemical solu- 
tion, speed, and other process variables. 
A large indicating scale for long dis- 
tance reading, see cut, is optional. The 
sensitivity of this controller is said to 
be 1/30 of 1 percent of the full scale 
range. 


instruments are 
measurement or 


Voltage Changer 
Superior Electric Co., Bristol, Conn. 

Acting as an intermediary between a 
35 kv. dielectric break-down oil tester 
and a 115 volt single phase source, the 
Hypot Auxiliary automatically controls 
voltage from o to 35 kv. at a 
form Switching 
enable this unit to semi-auto- 
matically, in which condition it will 
raise or lower voltage at a uniform 


uni- 
rate. arrangements 


operate 


The basic element is a variable 
transformer, known as the Powerstat, 
driven by a synchronous, fast starting 
and stopping Colored 


rate. 


motor. signal 











































lights provide a means of determining 
the operation of the unit. The travel 
time is 11.5 sec. with voltage increment 
3 kv. per sec. when used with a 35 
kv. hypot test set. 


Counter 


Photoswitch, Inc., 77 Broadway, Cam- 
bridge 42, Mass. 


Photoelectric Counter Type PI consists 
of a photoelectric control, light source, 
and electric counter. The control and 
the light source are the only items re- 
quiring mounting near the point of 
count. One or more counters, contain- 
ing the counter face and reset knob 
can be placed in any location and wired 
to the counter. The control has a line 
cord with a male plug connection that 
fits any standard lighting outlet. This 





supplies the power for the light source 
and electric counter, which in turn have 
cables and plugs for plug-in connection 
to the control. The counter can operate 
up to speeds of 600 counts per minute 
with a dial reading to 99,000. The 
photoelectric unit can be mounted 6 
ft. from the light source. 


Control Alloy 


Curie Point Alloys Co., 612 N. Michi- 

gan Ave., Chicago 11, Ill. 
Applied to equipment, apparatus or 
processes which depend on the presence 
or absence of heat for operation con- 
trol or which are to be held or pro- 
tected at one fixed temperature, Curie 
Point alloys can be submerged in liquids, 
embedded in non-magnetic substances, 
used in a vacuum or at high pressure. 
These alloys, of iron and other ele- 
ments, are in a ferromagnetic state 
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Where Performance 
Counts 


ON SMALL CASTINGS 
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LOWER COSTS THRU MICROCAST 


1. Requires no expensive m achine tool 
equipment, dies, jigs, or fixtures. 


2. Little or no machining required. 

3. In many instances plating is eliminated. 

í. In production months faster than many 
other methods. 


5. Adaptable to both small and large vol- 
ume production. 


6. Low — expenditure makes it ideal 
where design changes may be frequent. 
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... Because with MICROCAST, in the production of small 
parts up to 4 oz., you can now use to full advantage the 
high melting point, non- -machinable alloys which offer 
extreme resistance to abrasion, heat, corrosion, and 
maintain strength and hardness at high temperatures. 
MICROCAST permits the use of these alloys because even 
intricate shapes as cast are precision smooth, of sound 
structure and to such dimensional uniformity that virtu- 
ally all machining is eliminated. 


The Name Microcast Is a Registered Trade Mark 
of Austenal Laboratories, Inc. 


It will be advantageous to the forward-looking engineer 
and production executive to investigate the possibilities of 
the Microcast Process. Substantial improvement in parts 
used in machines and equipment may follow. Austenal 
Laboratories will be pleased to cooperate with industry 
toward producing Microcastings to meet special require- 
ments and specifications. Our present capacity is 1,000,000 
Microcastings per month, 


AUSTENAL LABORATORIES, Inc. 


224 East 39th Street, New York 16, New York 
5932 South Wentworth Ave., Chicago 21, Illinois 


COPYRIGHT 1947, AUSTENAL LABORATORIES, ING-+ 
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DARNELL 


Casters and Wheels 


Maximum floor protection means savings 
Will increase efficiency of employees 


Made in any size for any type of use 


DARNELL CORP. LTD. 60 WALKER ST. NEW YORK I3 N Y 
LONG BEACH ^. CALIFORNIA 36 N CLINTON CHICAGO 6 lil 
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with high permeability when cool, but 
when heated they pass to a paramag- 
netic condition with low permeability. 
The reversible magnetic change has an 
indefinite life and always occurs at the 
same fixed temperature, either when 
heating or cooling. Control applica- 
tions are based on the fact that the 
cool alloy is strongly attracted to a 
magnet while when hot there is no 
magnetic attraction. Alloys to operate 
at any selected temperature between 
180 and 1000 deg. F. are now avail- 
able. 


Sheaves 


Worthington Pump and Machinery 
Corp., Harrison, N. J. 


These sheaves are claimed to have im- 
proved groove-belt fit and reinforced 
arm construction. The driven sheave 





has a longitudinally ribbed arm re- 
cessed down the middle. Material is 
removed at or near the neutral axis and 
is added at the points most remote from 
the neutral axis. This is claimed to 
give the greatest strength for a given 
sheave weight. 


Resistors 


Western Electric Co. Inc., 195 Broad- 

way, New York 7, N. Y. 
Having low capacity and inductance per 
unit, these deposited carbon resistors 
are useful in circuits in which the char. 
acteristics of carbon composition re- 
sistors are unsatisfactory and wire 
wound resistors are too expensive; for 
high frequency applications where in- 
ductance and capacitance values of wire 
wound resistors are too high, and sta- 
bility and other characteristics of carbon 
composition types are unsuitable; in cir- 
cuits requiring high resistance ranges 
above those of wire wound and composi- 
tion resistors; in metering and voltage 
divider circuits requiring high stability 
and  matched-element characteristics ; 
and in applications involving high power 
dissipation such as test loads for radio 
transmitters. The resistors gre a very 
thin film of vapor deposited carbon on 
a surface of ceramic base or core. 
‘These elements are available in inert 
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Welded Steel Cuts Cost 27% 


By C. D. Bonifield 
Vice-President in Charge of Production 
The Globe Company, Chicago, III. 





























N our development program of continually im- 
I proving the designs and production of our ma- 
chinery for the meat packing industry, we have 
found it helpful to think in terms of arc welded steel 
construction. This affords a highly flexible approach 
to our problems and the end result is beneficial to 





Fig. 4. Fixture used for assembly of welded saddle. 


A saddle of former construction is shown in Fig. 
2. The welded steel saddle, shown in Fig. 3, is pro- 
duced at a total saving of 27% in cost over the 
former design. 

The welded saddle, 60” wide, 24” high and 8” 
deep, is fabricated from 4%” mild steel plate, con- 
sisting of four pieces, flame-cut and brake formed. 
The parts are assembled in the welded fixture shown 
in Fig. 4, which is placed on a work table in the flat 
position. After tack welding the parts together, the 
Pig. 1. Diy rendering cooker af welled construction. assembly is removed from the fixture and finish 
welded as shown in Fig. 5, with the saddle posi- 
tioned for downhand welding of all joints. This 
requires continuous, two-pass fillets on both sides 
to join the flange to the web. The end pieces of the 





the users of our products, the welded designs being 
strong, rigid, light-weight and of smooth, sanitary 
surfaces. 

One design which has been changed recently to 
welded steel construction is the saddle for the dry 
rendering cooker shown in Fig. 1. Two of these sad- 
dles support the welded pressure vessel on the 
welded base of this machine. 











Fig. 2. Saddle 
support member of 
former design. 





Fig. 3. Joints are positioned for downhand welding 


flange are butt-welded on both sides to the top 
flange assembly. 

In approaching designing problems, our engi- 
neers have been aided by the Studies in Machine 






Design published by Lincoln Electric. These can be 
s as secured by writing to THE LINCOLN ELECTRIC Com- 

saddle OSIS <4 o tess " i . 

than former design. PANY, Dept 363, Cleveland 1, Ohio. 


Fig. 3. Welded steel 





(Advertisement) 
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gas-filled glass envelopes or covered 
with a baked insulating varnish. Made 
in values from 1 ohm to 50 megohms 
these resistors have power ratings from 
0.5 to 600 watts, for free air cooling. 
The 600 watt unit will dissipate 4,000 
watts when cooled by 200 cu. ft. of air 
per min. forced draft. 


HERE’S THE 


ROPER ROTARY PUMPS 


Hydraulic Power Unit 


Vickers Inc., 1454 Oakman Blvd., De- 
troit 32, Mich. 


Known as the Power Pack, this 45 lb. 
hydraulic unit is composed of a vane 
pump, relief valve, various combina- 
tions of single and double operating 
valves, an oil filter, air cleaner, and oil 
tank. It can be attached to any power 
drive; directly, with V-belt, chain drive 


FIG. 1K with 
Packed Box. 
Available 
in 5 g. p. m. 
size only. 
Fig. 2K is 
equipped 
with built-in relief valve. Mechanical 
seal is available. 


FIG. 17K PUMP HEAD with Me- 
chanical Seal. Sizes 3%, 1%, and 
3 g.p.m., as illustrated. Fig. 18K is 
equipped with built-in relief valve. 
Packed Box is available. 








FIG. 1K with Packed Box — supplied 
in 10, 15, 20 g.p.m. sizes with com- 
panion flanges. FIG. 2K equipped 
with built-in relief valve. Mechani- 
cal Seal available on all models. 


FIG. 1K with Packed Box — supplied 
in 30, 40, 50 g.p.m. sizes with com- 
panion flanges. FIG. 2K equipped 
with built-in relief valve. Mechani- 
cal Seal available on all models. 


3%, TO 50 G.P.M. = PRESSURES TO 150 P.S.I. 


Adaptable to a wide range of jobs . . . pressure lubrication, hydraulic 
service, fuel supply, or transfer work pumping clean liquids. These 
Ropers are self-priming, operate in either direction, handle total suction 
lifts up to 25 feet. Direct connected, belt, or chain driven. Because of 
the new Roper venturi suction and discharge principle, energy loss from 
cavitation, turbulence, and friction is minimized. This proportional 
means of distributing viscous liquids uniformly across the gear face in- 
creases operating efficiency ; ; . adds quietness and reduces power costs 
. ++ permits gears to handle a wide range of viscous liquids at standard 
motor speeds. 


Get All Of The Facts— Send For Booklet 


Complete Model "K" details including specifications, exploded view 
of construction features, wide range of mountings, etc. Also describes 
other models up to 300 G.P.M., pressures up to 1000 P.S.I. 


GEO. D. ROPER CORPORATION 
375 Blackhawk Park Ave., Rockford, Ill. 


PUMPS ESPECIALLY ENGINEERED TO FIT YOUR REQUIREMENTS Pp OPE 
PUMP AND i pot 
" ' td 


MOTOR UNITS FLANGE MOUNTED 


ace 


or gears. Available with nominal pump 
delivery of 2, 3 or 5 gal. per min. at 
1200 rev. per min. and 1000 lb. per sq. 
in., the Power Pack develops hydraulic 
pressure to lift, lower, push, full stack, 
load and hold any load; depending on 
the cylinder size used. 


Hydraulic Pump 


Denison Engineering Co., Columbus 16 
Ohio 

The three 3500 Series pumps are of an 
axial piston, constant displacement type. 
An undercut piston shoe serves the two- 
fold purpose of providing a pressure- 
balanced system needing no thrust bear- 
ings, and of lubricating the angled-cam 
surface. The pumps have two-piece 

| shafts that absorb deflection. The pump 
| and the electric motor are connected bi 


ecol , 
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— A MONSANTO PLASTIC 


E PRODUCT OF MASTRO 
>” PLASTICS CORP., BRONX,N. Y. 


They're hanging up sales records as well as the Monday wash — 
these ċolorful clothespins made of Monsanto Lustron. More important, 
they're proving: it's easy to do business with Monsanto Lustron. 


For as long as anyone could remember, clothespins were made of 
wood. Then some far-sighted men took an idea to a molder, pro- 
duced it in Monsanto Lustron and built a new industry that sold 
hundreds of millions of better clothespins last year. They capitalized 
on these six qualities which no other material combines so advan- 
tageously as Monsanto Lustron: 


Pe 


€ Minimum of time required to start business . . . minimum equipment . . . 
minimum capital outlay. 


€ Low cost per pound combined with light weight, gives more items per dollar. 

€ Adaptable to fastest, most economical mass production methods. 

€ Finishing, buffing, machining, stamping, tumbling, etc., eiiminated or minimized. 
€ Waste material salvageable at full value. 

€ Gleaming, salesmaking colors inherent in Monsanto Lustron. 


Whether you use Monsanto Lustron for all or part of your product, 
these same qualities can help you write your own success story. 
Get complete information from your molder or direct from: 
MONSANTO CHEMICAL COMPANY, Plastics Division, Spring- 
field 2, Massachusetts. In Canada, Monsanto (Canada) Limited, 
Montreal, Toronto, Vancouver. Lustron: Reg. U. S. Pat. Off. 


MONSANTO 


CHEMICALS ~ PLASTICS 





SERVINGeINDUSTRY...WHICH SERVES MANKIND 
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BRONZE, 






EIN 
MOYNAHAN 


F ABRIC ATIONS 
.. + Hinges for a Thousand Uses 





There és an answer to your hinge or connector problem — Moynahan 
Fabrications. Moynahan engineers have developed hundreds of 
extruded hinges and connectors to meet customers’ specific needs. 
They're available to you, too, in lengths from 0'1" to 21'0" —in alumi- 
num alloys, magnesium, bronze —in non-corrosive finishes, bright, 
or in colors to match any product. 


Moynahan hinges and assembly connectors are engineered to your 
individual requirements for strength and appearance. Tested struc- 
tural members — precision machined — with perfectly matched loops 
and spaces for universal interchangeability. Hinges, yes—but with a 
beauty dividend. 

Many of the following products are designed to include Moynahan 


custom hinges and fabrications. They may suggest a solution to your 
hinge or assembly problem. 


Aircraft Trailers Railroad Cars Our new cetalog will prove cf 
Displays Shipping Cases luggage interest to your engineering de- 
Music Boxes Radios P efrigeraters partment. Why not send for your 
Furniture Shower Doors Light Fixtures copy today? 


MOYNAHAN BRONZE CO., 9073 ALPINE AVENUE, DETROIT 4, facil. 





ALUMINUM 






» 
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a flexible coupling. These hgh pressure, 
high volume pumps provide combined 
power and speed of #operation. The 
three pumps give 3,500 lb. per sq. in. 
for continuous duty operation and de- 
liver volumes of 6, 17 and 32 gal. per 
min. respectively, at 1,200 rev. per min. 
Laboratory tests show the volumetric 
efficiencies of these pumps to be not 
less than 95 percent. 


Self Latching Hook 


W. H. Foster, 4622 Kingswell 
Los Angeles, Cal. 
Unit consists of a hook member, a 
pivoted latch finger and a spring 
loaded pivoted detent. Depressing the 
detent into 


Ave., 


swings the latch finger 





open position. On removal of 
from detent, its spring 
and holds latch finger and detent in the 
closed position. When hook is closed, 
the latch finger and hook are locked by 


a joint that resists any side play from 


pres- 


sure returns 


lateral loads or pressures on the hook. 


Valve Operator 


Ralph D. Ernest, 408 Penobscot Bldg 
Detroit 26, Mich. 

This motor driven operator for use on 

either 110 or 220 volt 60 cycle a.c., also 


made for d.c, makes V5 rev. for each 
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Piston Pins by the Million! 


uu" from uniform SHELBY Seamless Tubing, 






a certain manufacturer* has turned out over 
3^4 million piston pins. All of these were finished to 
a tolerance of 1/10,000". or one thirtieth. the 
diameter of a human hair! 

[n the operation, each pin is cut off, cham- 
fered, rough ground, slotted, drilled and coun- 
tersunk. After case hardening the pins are 
semi-finished and finish-ground, and finally 
lapped. The final finish is held between 2 and 
3 micro inches—a quality story possible only 
with quality tubing to begin with. 

The success of this operation extends from 
the original manufacture of fine grain U-S-S 
SHELBY Seamless Mechanical Tubing, down 
through the distributor, to the user. Each contrib- 
utes his own “know how” and the result is millions 
of identical piston pins produced at low cost. 

For seamless steel tubing of any type or anal- 
ysis — and qualified engineering service, call in 


NATIONAL Tube. 


A 
me on reg 


NATIONAL TUBE COMPANY 
PITTSBURGH, PA. 
Tubing Specialties Division 


Columbia Steel Company, San Franc‘sco, Pacific Coast Distributors 
United States Steel Export Company, New York 


UNITED STATES STEEL 








| position and will develop 25 in. lb. of 
| torque. The shaft is %4 in. in diameter 
| 
| 
| 






by 1% in. long. Limit switches may be 
provided to meet individual specifica- 
tions. The sheet metal inclosure is 
5 4x6x5™% in. high. 









Electric Motors 









Electric Motor Corp., Div. of Howard 


Industries, Racine, Wis. 






| Output speed of about 1 r.p.m. is ob- 
| tained by a self-contained gear train 
that is driven by a 650 r.p.m. motor 
| shaft. Gear train is supported in die- 
cast housing, which also incloses motor. 
Shafts in gear train turn in semi-oilless, 
| sintered bronze type bearings. Output 
| shaft can be furnished to meet specifica- 
tions. Known as Model 300, the motor 
is of shaded pole, 2-pole, brushless 
construction, and is available with 
windings for 60 cycle a.c.; 115, 60, 45, 
and 13 volts. 
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Journals and Bearings 


"A | 
BE 





Farley M. Caldwell, Cincinnati, Ohio. 






Designed for use in turbine pumps, 
these synthetic rubber journals and glass 
bearings are claimed to save wear on 
shafts, reduce friction, and eliminate 
| the use of corrosive-resistant sleeves. 
The self-lubricating resolving synthetic 
| rubber journals are molded in sections 
| 34 in. high and stacked to give the 
| desired lengths according to horse- 
power requirements. The walls of the 
journal are approximately 74 in. thick. 
The inside diameter of the journal 






















Continental's specialization is based not 






only upon long experience — 44 years of it 






— but also upon continuous research and 






the development of specialized equipment. 






These factors mean that the Continental 






hose you buy is built specifically to meet 






your requirements — is built to give you 






maximum service. Whenever you need air, 






welding, water, steam, or suction hose, 






why not consult Continental? 






See Our Catalog in Sweet's 


Rubber by CONTINENTAL 


Baltimore, Md BRANCHES New York, N. Y 
Boston, Mass Philadelphia, Pa 
Buffalo. NY Dayton, Ohio Kansas City, Mo Pittsburgh, Pa 
Ch:cago, Ill Detroit, Mich Los Angeles, Cal Rochester, N. Y 





Cincinnati, Ohio Greensboro, N C Lutz, Fla St. Louis, Mo 
Cleveland, Ohio Hartford, Conr Memphis, Tenn Son Francisco, Cal 
Dal!d&. Texas Indianapolis, Ind Milwaukee, Wis Syracuse, N. Y 


CONTINENTAL RUBBER WORKS - ERIE, PENNA, U.S.A. 
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but CHROME and STAINLESS 
STEEL precision balls by the pi 


for 


ALL Q6. 


UNIVERSAL B 


MODERN r? BALI PLAN 


WILLOW GROVI dein PENNA 
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Y is less than the outside diameter of 
RUGGE p DUT e e o but the shaft and, when forced over the 
$.5.WHITE FLEXIBLE SHAFTS 


can do it/ 


shaft, is sufficiently tight to revolve. 
The glass bearings are made on steel 
tubes, the bearing surface being the 
glass that is fused to the steel. The 
tube is turned smooth for a press fit 
into the spider. The tube-wall is ap- 
proximately '4 in. thick. The syn- 
thetic rubber journal and glass bearing: 
is unaffected by oils or commercial 
acids. 


Fluid Drive 
Twin Disc Clutch Co., Racine, Wis. 


Designed for use with small internal 
combustion engines and induction mo- 
tors, these couplings offer smooth run- 
ning operation, elimination of motor 
stalling with application of load, full 
torque delivery at all output speeds, the 
opportunity of selecting the motor on 
the basis of running requirements, over- 
load protection for both the driving and 
the driven units, and improved distri- 
bution of load on compound drives. For 
use with equipment delivering 1 to 25 
hp. at 1,800 r.p.m. the Twin Disc hy- 
draulic couplings range in size from 7.4. 
to 12.2 inches. 


Steam Trap 


Armstrong Machine Works, 865 Maple 

St., Three Rivers, Mich. 
A small-size, all-steel steam trap for 
service on pressures up to 250 lb. per 
sq. in. embodies the basic Armstrong 
inverted bucket and free floating valve 
lever design. The body and cap are 
steel forgings, capable of resisting pres- 





Here's an application that provides as convincing proof as anyone 
could ask of the dependable performance of S. S. White power drive 
flexible shafts in hard service. It's a concrete vibrator, product of 
the Viber Co., Burbank, Calif. It is used to agitate poured concrete 


to make it flow to all parts of a mold and to compact it. The .437" 
flexible shaft, operating inside a special casing at a speed of over 
9000 rpm, transmits rotary power from the driving unit to the 
vibrator. 


Used in the construction of buildings, bridges, dams, etc., the 


sures considerably in excess of normai 
operating pressures. All of the inter- 
nal operating mechanism, including the 
valve seat, is stainless steel. The forged 
steel construction retains its high 


strength characteristics when exposed to 


equipment gets plenty of hard usage under tough conditions. But the 
flexible shaft—although continually bent every which way—does its 
job dependably, day after day. 


The large range of S. S. White power drive flexible shafts makes 
it possible to develop portable equipment for a wide variety of both 
light and heavy duty jobs. 


WRITE FOR 260-PAGE HANDBOOK—FREE 


The 260 page S.S.White Flexible Shaft Handbook gives full 
facts about flexible shafts and their application. A copy is 
yours—free—if you will write for it on your business letter- 
head and state your position. 


$..WHITE ,, DUSTRIAL € 


DEPT. D 10 EAST 40th ST., NEW YORK 16, N. Y. — 


FAEXIGLE SHAFTS + MUXIME SHAFT TOOLS. »— AlRCRAIT ACCESSORIES 
SMALL CUTTING AND GRINDING TOOLS SPECIAL FORMULA RUSOERS 
MOLDED MESSIORS + PLASTIC SPECIALTIES + CONTRACT PLASTICS MOLDING 


One of Americas AAAA Tndustrial Enterprises 
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with Torrington 
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designed for 
*CERTIFIED - - - ith quietness, 
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maximum operat , 


ed to pet acl 
Code conditions; 


guarante : 
d balance. The Torrington M 


NEMA Test 
alignment an 


facturing Company: 


ES uccess for a newly designed oil burner was threatened by combustion troubles, 
high noise level and a one-sided flame. Laboratory study of the unit by Torrington engi- 
neers established that incorrectly estimated static pressure had resulted in the selection 
of too small a wheel, giving too little air. 

Without enlarging the housing, a 514” Airotor Blower Wheel boosted air delivery 
the necessary amount. A slight position change of the transformer mounting was recom- 
mended to avoid interference with scroll development. Today, this oil burner operates 
quietly and efficiently, is commercially successful. 

To benefit most from the advantages of Torrington Certified Air Impellers, it is recom- 


mended that you consult Torrington while your product is in the early stages of design. 


WOPRIRG 


T MANUFACTURING COMPANY, TORRINGTON, 
AIRISTOCRAT FAN BLADES  * AIROTOR BLOWER WHEELS  * IMPROVE PRODUCT PERFORMANCE 
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Titeflex ALL-MB@TAL FLEXIBLE TUBING —TITEFLEX is the only pres- 


sure-tight flexible tubing made from metal strip which does not depend 
upon a sliding joint for flexibility. Its all-metal construction assures longer 
life, greater efficiency, and lower maintenance costs in conveying all 
types of liquids and gases. 


Titefl IGNITION SHIELDING—Widely praised for their per- 


formance on military aircraft during World War Il, TITEFLEX Ignition 
Shielding systems are now available for all commercial aircraft, large 
or small. Complete unit assemblies or component parts for shielding any 
type engine can be supplied. 





Wavefl FLEXIBLE WAVE GUIDES—The extreme flexibility of 


Waveflex permits confinement in "tight" corners without distortion of 
critical dimensions of size and shape. The precision construction reduces 
attenuation and preserves costly transmission energy. 


Titeflex, Inc., maintains complete engineering and laboratory facilities 
for the development of new designs and applications. Ample plant 
capacity and highly perfected production equipment enables us to 
manufacture on a quantity and quality basis. 

Our engineering and manufacturing facilities are at your complete 
disposal. Write for further information on your particular problem. 


Titeflex, Inc. 518 Frelinghuysen Ave., Newark 5, N. J. 


Exclusive Manufacturers of Titeflex high 





quality products for more than 30 years 


{ CHICAGO CLEVELAND DETROIT 


Sales Offices 
| PHILADELPHIA LOS ANGELES — TORONTO 
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fire or high temperatures. The trap 
measures 4-l4 in. in diameter at the 
cap with an over-all height of 7 in. 


| The capacity averages 900 lb. of con- 
| densate per hour, continuous discharge. 


Switch 
The Thermix Corp., Greenwich, Conn. 


Designed for control of automatic gas, 
oil or coal-fired steam *boilers, this 
switch has a pressure range from I to 
10 lb. with a differential of from 1 to 
5 lb. Also available in ranges to 300 
lb. and differentials of from : to 80 
lb., it has contact arrangements nor- 
mally off and normally on. The switch 
will handle any liquid or gas not in- 
jurious to brass. Control is set bv 
adjustments from outside the cover 
and accurately calibrated scales for 
range and differential are read through 
a window in the cover. 


Live Center 


Sturdimatic Tool Co., 5216 3rd Ave., 
Detroit 2, Mich. 
A live center with a replaceable alloy 
steel point ground true with the bear- 
ings has a low overhang and a slight 
cushióning action that compensates for 





expansion due to heat, shock and ex- 
cessive thrust loads; reducing wear to 
a minimum. A large thrust bearing 
takes all thrust load, a large radial 
bearing takes only radial load. Standard 
shanks with Morse tapers of this type 
of live center are carried in stock; 
Brown & Sharpe, Jarno and other 
tapers supplied to specification. 


Flaw Detector 


General Electric Co., Schenectady, 
N.T. 
This unit can continuously detect and 
count holes, weak spots, and conducting 
paths in thin materials such as paper, 
sheet rubber, sheet mica, varnished 


cloth, plastic materials, and enamel, 


films on wire. The flaw detector can 
be applied to sheet materials, up to 
0.0025 in. thick moving as fast as 450 
ft. per min. and to wire moving up to 
100 ft. per min. It consists of an elec- 
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) BEARINGS MAKE 
“ OVERSTRESS “WOUNDS” HEAL BY_ THEMSELVES 





When damage through overstress occurs, the frictional heat will melt some of the 
silver babbitt metal. It will flow out of the grids and spread over the damaged 
area, restoring a good bearing surface. 


“Where high strength, fatigue resistance, and embedability count, centrifugally-cast D 
N-B-M Gridded Bearings add safety and protection for the shaft. 








Our exclusive new manufacturing process now makes them available at 
“mass-production” savings. May we send you complete engineering data? 


Brake Shoe NATIONAL. BEARING DIVISION 


ST.LOUIS* NEW YORK 


PLANTS IN: ST. LOUIS, MO. * PITTSBURGH, PA. * MEADVILLE, PA. * JERSEY CITY, N. J. * PORTSMOUTM, VA. * ST. PAUL, MINN. * CHICAGO, ILL. 
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ADEL LINE SUPPORT CLIPS 






S*perty 


* TRADE MARK 


ADEL Clips provide a simple, rugged, low cost sup- 
port for tubing, piping and electrical cables. Man- 
vfactured in over 13,000 different types and sizes. 
Over 330 million now giving dependable support 


in aircraft, marine and industrial installations. 


ADEL Shock Absorbing Clips give cushioned sup- 


port—insulate lines from vibration ond wear. 
















ADEL Coble Harness Straps are self-adjusting sup- 
ports accommodating single cables or any combi- 
nation of wires. Positive locking device permits easy 
repair or replacement of wires. Loads to 2800 Ibs. 


ADEL LINE SUPPORT BLOCKS 































A low cost, easily installed support for multiple 
grouping of lines. Provides rugged, resilient sup- 
port eliminating line failures and fitting leakage 
caused by vibration. Available with hard maple, 
phenolic or ADELITE blocks in wide variety of sizes 
for accommodating 1 to 30 lines, Ye" to 22” in 


diameter. 


ADELITE—a tough, wear-resistant compound 26 to 
33% lighter than conventional synthetic rubber. 
Impervious to aromatic vapors and liquids. Ex- 
tremely low compression set. Permanent resiliency. 
Excellent sound insulating characteristics. Any hard- 
ness from 30 to 80 Shore Durometer. Available in 
wide variety patterns including channels, gaskets, 


pads, floor coverings and other molded forms. 
=. 


Write for illustrated catalog containing complete 
specifications on more than 13,000 ADEL Clips and 
Blocks for aircraft, industrial and marine service. 


ADEL PRECISION PRODUCTS CORP. 
BURBANK, CALIF. ** HUNTINGTON, W. VA. 


U 


Manufacturers of: Aircraft Hydraulic Systems è Marine & Industrial ISOdravlic 
Controls @ Halfco Self-Aligning Bearings è Line Support Clips & Blocks œ 
Industrial Hydraulic Equipment * Aircraft Valves * Industrial Valves 
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trode assembly through which an ad- 
justable voltage is applied to the ma- 
terial undergoing test, and an electronic 
circuit that indicates the flow of cur- 
rent through the material when a flaw 
passes under the electrode. The flaw 
detector can be made to sound an 
alarm, operate a recorder, or shut down 
the manufacturing process when flaws 
are encountered, and can be arranged 
to indicate when flaws exceed a given 
total. The control unit can be mounted 
remotely. 


Contact Material 


D. E. Makepeace Co., Attleboro, Mass. 


Bar contact tape reduces the amount 
of precious metal needed in contacts. 
The tape can be bi-metallic; and the 
equivalent contact area will require less 
metal when two rectangular contact 
bars are set at right angles to each 
other than in conventional types. Pal- 
ladium and palladium alloys on pure 
nickel base bi-metallic bar contact tapes 
are used where the current is les: 
than 1 amp., and where a corrosive 
atmosphere is present. Silver tapes are 
used where the current is less than 
3 amp. The silver contacts require 
more pressure, and are not as sensitive 
as the palladium. The material is 
available in tape form; as complete con- 
tract assemblies; or will be attached 
to contact arms by the company. 


| Test Equipment 





Adolph I. Buehler, 228 N. LaSalle St., 
Chicago 1, Ill. 


The Amsler, Swiss-made, equipment 


embraces a complete selection of stand- 
ard testing machines, and special devices 
for non-standard tests; for all metals 
and alloys, building materials, plastics. 
fabrics, cables, chains, etc. The major- 
ity of these testing machines are of the 
universal tension and compression type. 
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CMP ya rou SPRING STEEL 


It pays to be “fussy” about the spring steel you use. It’s smart 
to insist on consistent results and precision characteristics. 
It’s logical to specify CMP spring steel. For CMP pioneered 
precision strip processing techniques and have remained the 
pacesetters in precision methods. In their spring steel CMP 
offers you these 5 important advantages: 


@ Chemistry is held within proper range for best -heat 
treatment response. 


COLD FACTS ON Width and gauge are accurate to closest tolerances. 
T H | N $ I f f | Annealing is controlled for the ideal spheroidization. 


e EXTRA LONG COILS Decarburization is held to the absolute minimum. 


...less downtime 


e EXTREMELY CLOSE @ Physicals are uniform throughout every shipment. 
TOLERANCES é ; 
... more parts per ton Let CMP experts help you with your spring steel problems. 


e WIDE RANGE OF PHYSICALS Call or write, today. 
AND ANALYSES 


... failored for your products 


e GAUGES THIN AS .001” 
... Strength with lightness 


THE COLD METAL PRODUCTS CO. 


YOUNGSTOWN 1, OHIO 


Sales Offices 
NEW YORK + CHICAGO «+ DETROIT + ST. LOUIS 
BUFFALO + DAYTON = LOS ANGELES 
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A PISTON 


Heavy greases and/or heavy syrups — 
both difficult materials to handle — may 
be transferred efficiently and economi- 
cally with TRI-ROTOR pumps. 

Yale & Towne's TRI-ROTOR pumps, 
installed in systems handling heavy 
greases (in almost solid form) operate 
without agitating or aerating material 
being transferred. These same model 
pumps, without modification, will han- 
dle heavy viscous and tacky corn syrups 
with equal efficiency. 

For transferring a wide variety of 
materials — from light solvents to 
heavy greases — the TRI-ROTOR pump 
assures product protection. It is the only 
modern low-pressure pump combining 
the positive handling characteristics of 
a piston pump with the high volumetric 
efficiency of a rotary pump. 

With only three moving parts (two 
pumping members), minimum operat- 


ECONOMICAL—Rotory Action.. 






















Model 200AXM — 


TRI-ROTOR 
This model pump, 
equipped with standard 
rotor, packing and gaskets, 
successfully handles extra 
heavy greases from com- 
pounding kettles to storage 
and shipping containers. 












ing and maintenance costs are assured. 

Other Exclusive features (optional 
and interchangeable) : Variable Volume 
Control (with or without Manual Flow 
Control) ... Integral Relief or By-Pass 
Valve... Solid Head. NEW: Pressure 
Regulator Device permits operator to 
adjust hydraulic mechanism to control 
botb volumetric capacity and discharge 
pressure setting without stopping the 
unit. 

Sizes from 5 GPM to 200 GPM — 
for a wide variety of industrial applica- 
tions — see coupon below. 


-YALE- 


Pump Division of 
THE YALE & TOWNE MFG. CO. 
Stamford, Conn., U. S. A. 
Representatives in Major Cities 


. PROTECTIVE —Piston Action... 


ONLY YALE GIVES YOU BOTH IN ONE PUMP 
nnn nnn nnn nnn M 
| Wire or mail your requirements to Pump Division, l 
| THE YALE & TOWNE MFG. CO., 211 Henry Street, Stamford, Conn., U. S. A. | 
| The Yale 6 Towne TRI-ROTOR Pump is now in use pumping such proaucts as these | 
| (check application which interest you) | 
| O Alcohol O Fish Oil O Lacquer O Shortening | 
| ] Caustics [] Gasoline [] Liquid Soap [] Silicate of Soda | 

] Chocolate [] Glucose [] Molasses O Solvents | 
| Coolants [] Greases gO Oils O Starch | 
| © Corn Syrup O Ink [] Paint O Varnish 
| ] Edible Oils Honey [] Propane [] Viscose 
- 
| NAMI | 
COMPANY 
| cim | 
| Zone State | 
De a l. l m a a a a a o o a a a a S 


Makers of the Famous Lines of Locks, Hardware, Hoists and Industrial Trucks 





constructed mainly on the hydraulic 
principle. Machines are included for 
Universal Testing, spring testing, com- 
bined stress fatigue testing, horizontal 
tensile testing, cold bend testing, duc- 
tility testing; and the high frequency 
Vibrophore, illustrated, all giving high 
accuracy and precision. 


. 
Hydraulic Pump 
Industrial Hydraulics Corp., 33 Stage 
Ave. Painesville, Ohio. 
A hand operated hydraulic pump, with 
housing and 1 gal. 
aluminum, is designed for two-way ac- 
tion. The simple linkage reduces fric- 


reservoir of cast 
















tion and increases the efficiency of op- 
eration. The pump is available without 
the reservoir for installations where the 
reservoir is to be at a remote point. 
Plungers 4%, 34 and 15/16 in. diameters 


can be had. 


Clutch 


The Marine Products Co,, 515 Lycaste 

Ave., Detroit 14, Mich. 
The M-P packaged ciutch permits a 
varied number of drive combinations 
and is self contained in a bracket. A 
double extension shaft, as well as a 
double groove pulley between the 
clutch face plates, provides various 
drive arrangements. The clutch can 
be either direct connected or V-belt 
driven from any source of power; 
marine or industrial. If the clutch is 
direct connected to a source of power, 
both the extension shaft and the double 
groove pulley can be used to drive sep 
arate accessories. If it is belt driven. 
the two extension shafts may be used 
to supply power. Four mounting slots 
are provided in the base for bolting the 
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Wve put all our CG Gs 





in one heahed 


s main objective is to do your job as 
well as it can possibly be done—and with 
that aim in mind we use every one of our 
many facilities at Watertown to back up our 
service to you. It doesn't make any differ- 
ence if what you require is a 400 ton press 
or an Erlenmeyer flash—an X-ray or a 
Gorton duplicator, we have them all. What's 
more, 33 years of experience enables us to 
visualize your problems clearly and to sug- 
gest the proper methods for achieving the 
desired results. 


Before you go to the market for your 
next plastic requirement, get in touch with 
us—or let us know when and where we can 
get in touch with you. You'll be interested 
in the many solutions to difficult plastic 
problems we have been able to make be- 
cause of our extensive facilities. Our rep- 
resentatives in New York, Chicago, 
Cleveland, Detroit and Milwaukee are ready 
to assist you personally in every way 
possible. 


THE WATERTOWN MANUFACTURING COMPANY 
500 ECHO LAKE ROAD 


W 


A NAME AS OLD AS 


WATERTOWN, CONN CTICUT 


THE PLASTICS INDUSTRY 


unit in place. Mounted on heavy duty 
ball bearings this clutch permits opera- 
tion at speeds up to 3,600 r.p.m., with 
a rated capacity of 315 in. lb., or 14 
h.p., per 100 r.p.m. 10 h.p. is recom- 
mended as the maximum capacity. 











(RA FI Adhesive 
United States Rubber Co., Rockefeller 
UNIFORMITY Center, New York, N. Y. 


A synthetic rubber adhesive developed 
for use in conjunction with textile fibers 
to make plush, velour, suede and velvet 
surfaces, is said to have longer life and 
more flexibility than base coat enamel 
adhesives now being used. It can be 
dyed any color to match the textile 

: fibers. The product, called flocking 
IN GEARS MADE TO YOUR SPECIFICATIONS adhesive M-6177, may be sprayed or 
brushed on wood, metal, glass or other 
surfaces. It is intended for use with 





B P 


vu 











b VT i | Gears for every industry are precision tiny strands of rayon, cotton, or woo! 
k ‘ | cut to your specifications. Racks ... known as flock. The strands range 
! ty | sprockets...spur...bevel...spiral... from 1/32 : 6 h " ^ oom 

| ing o e de of pile desired. le 

3 zerol . — worms and worm gears. Send ^ni E dh used on game 

blue prints or samples for prompt esti- table tops, phonograph turntables, non 


mates on any quantity. scratching surfaces; or can be used to 


make thick pile fabrics. 






Ball Bearing Take-Up 


Dodge Mfg. Corp., Mishawaka, Ind. 

om a | Designed for conveyor service this unit 
3 | consists of an SC ball bearing inner 
E | unit enclosed in a cast iron housing pro- 
i 






Py: | vided with ways on each side for sup- 
«d | porting guides. The housing has a 
hole for receiving the unthreaded end 
£i of an adjusting screw. The take-up 
1 
5 
” 
has a welded steel frame so designed 
; as to afford ample strength and rigidity 
TRO m | without excess weight. Adjustment is 
e — e - e | accomplished by turning the brass 
Ohl | capatan-head nut. This take-up is 
Weng : equally strong in tension or compres- 
IS YOURS | sion. It is available in shaft sizes from 
€ Years of experience in developing and designing | Vo "3 pec 
thousands of molded products for nationally known 
manufacturers, enables this outstanding molder to 
serve you efficiently and economically. 
Northwest Plastics is concerned primarily with Voltage Regulators 
the application of the latest techniques in Engineering 2 : ux 
nope as applied to your molding problems. For | Sorensen & Co, Inc., 375 Fairfield Ave., 
the dest in plastics—consult Northwest. Write or | Stamford, Conn, 


telephone today. Northwest Plastics, Inc., 2237 | K J 
. . S E "—Á. E | Known as Nob: s s ltage 
University Avenue, St. Paul, Minnesota. | atrons, these voltag 


| regulation units supply d.c. voltages at 
currents and stabilities previously avail- 
able only with batteries. These units, 


5 t NORTHWEST PLASTICS inr. available in six standard models, can be 


Compiession molding * Transfer molding * Injection molding * Modern Tool and 
Die Department » Finishing, Fabricating and Assembling Department » Laboratory 
for Development and Production Control «+ Engineering and Product Design 


so rhe ` seine place 
* ET. PAU 4, MBOMESOTA X M be EE used where it is de sirable to replac 
CHICAGO OFFICE . 612 N. MICHIGAN BLVD. - PHONE SUperior 9109 a battery to insure a cont'nuous, regu- 
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FLUID MOTORS 


TO... 


Designers 


LOOKING 

FOR EFFECTIVE 
"EE SPEED & FEED 

CONTROLS 


$INGLE SOLENOID VALVES SOLENOID VALVES 


Here's your answer to hydraulic equipment design 
problems. In proper combinations, these time- 
tested and perfected hydraulic elements produce 
smooth and effective speed and feed controls. 
Proper combinations and circuits are arrived at 
through design conferences between you and our 
hydraulic application engineers. 


When designing new equipment or re-designing 

present models, call in a Sundstrand hydraulic ap- 

= plication engineer. He will suggest the best com- 
bination of these hydraulic elements to meet your 

FREE DATA design requirements. There is no obligation for 


is included in this series of up-to- this service. 


FOUR-WAY VALVES 


date bulletins. Write for your copies 


today. Ask for bulletins No. P-15 


: 4 f; FA ; ; E j F | 1 I i op me 
v io A i 2 ea eee - ! s i ^ a wo n er ti un 
La nud Ern "DNO, uar bee EL V uer [t sr amc dial 5l. c9 ^ M E Lal RR eo ET oe - ETE 


2560 ELEVENTH STREET e ROCKFORD, ILLIN 


FUEL UNITS e HYDRAULIC PUMPS e TRANSMISSIONS e FLUID MOTORS e VALVES and CONTROLS 
E UG SC WXLA4ENUCt Gm i eer ae es eo cae soos MEER AG a l1 AM aliaa CUR 15 NET 
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n—€— lated supply and to eliminate the difh- 


i3 A G a F REPEAT CYCLE | ae a culties of maintaining a power pack 


Use where ON-OFF f i source. For use in a cabinet, or panel 


j i a 3 M & operation is continu- | mounted, Nobatrons have a voltage ad- 
ously repeated. The | / | justment, control circui: fuse and a pilot 
ON time and OFF me 4 |] 


: i light. The )erate on 95 125 vol 
fo r (€ on t ro | n n g time are each adjusta- m ight I ey operate on 95 to 5 volt 
ble on the dial. (FLEx- " a.c. source of 50 to 60 cycles, and pro- 


Industrial Processes OPULSE) eta Eu: | vide currents of 5, 10 or 15 amp. with 
COUNTER output voltages of 6, 12 or 28, respec- 
Use for limiting 


MICROMETER ay Aue mambo e 
DIAL ee e operations. The 


counter contact 


tively. 


Provides exceptional e opens after 1 to | 
imi acc ` , LA 00 electrical im- | AA’ 
timing accuracy where |. suises as ssiseted | Fittings 
a circuit is to close or A b Felg on dial, Automa- 
open with a time \ tle spring reset. | Imperial Brass Mfg. Co., 1200 W. Har- 
delay. Timing adjust- f (MICROFLEX rison St., Chicago 7, Ill. 
able over wide range. À COUNTER) s ; 
(MicaorLex Taner) Brass fittings for connecting copper, 
steel, aluminum, and other thin-wall 
metal tubing, with forged bodies on 
elbows and tees and Dryseal pipe 
MULTIPLE CIRCUIT To reduce costs and im- thread ends, are reported to be over 
j 7 a ; prove quality of your 80 percent stronger and 60 percent 
—ADJUSTABLE i E x 
y products by automatic tougher than the usual cast fittings. 
Use where several circuits are IE | TIME - COUNT control .. 


to close in a predetermined se- & Wee fer cntetegne Bui. 20! 
quae, Tine ef eisiag. eii * Bend” details ot your contro prob- 


opening each circuit is adjusta- + Eee a aà 


ble. (MuLTIFLEX TIMER) ; principal cities. 


Dense, close-grained structure of the 
metal in these fittings assures against 
porosity and blow holes and provides 
an added guarantee of tight connections. 
The S.A.E. Dryseal Pipe Threads, 
wider on root flat than at tooth crest, 
are longer than the old style threads 
in sizes '4 in. and over, and are de- 
signed to assure tight joints. 


Heat-Proof Paint 


Markal Co., 607 N. Western Ave., Chi- 

cago 12, Ill, 
Protecting against corrosion and scale, 
this heat-proof paint will prevent hot 
metals from deteriorating at red hot 
temperatures as high as 1850 deg. F. 
It will provide protection to metals in 
all weather conditions. The hot metal 
can be subjected to sudden tempera- 
ture changes such as quenching im- 
mediately in cold water without crack- 
ing or peeling of the paint. The paint 


ELECTRIC WHEEL CO., Quincy, T Est. 1890 | follows the contraction and expansion 
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I. will insure positive sealing, maxi- 


mum resistance to pressures and tem- 
peratures, remain impervious to con- 
tacting fluids, and withstand frictional 
wear. Sirvis engineers will design spe- 
cial washers from selected leather, 
tanned and treated to the right degrees 
of hardness and resilience, cut on preci- 
sion dies and leveled to the exact thick- 


ness demanded by your specifications. 


SUVS 


MECHANICAL LEATHERS 
Products of 
CHICAGO RAWHIDE MANUFACTURING CO. 


1223 Elston Avenue Chicago 22, Illinois 


New York + Philadelphia Detroit +- Los Angeles * Cleveland * Boston 


Pittsburgh * San Francisco * Cincinnati + Portland + Syracuse + Peoria 





FELT PARTS CUT TO 


Z2 2 
SPECIFICATIONS 





Skilled operators and Booth-designed 
machinery combine to give you the 
utmost in accuracy of die-cut mechani- 
cal felt parts. Specifications are ad- 
hered to precisely. No deviations in 
size or thickness . . . the last felt part 
in any one lot is an exact duplicate of 
the first. 

Prompt deliveries are routine at 
Booth and your order, small or large, 
receives interested attention. 


APPLICATION CHART AND 
SAMPLE KIT... contains swatches 
of S.A.E. felt types, with specifi- 
cation tables. Write for it. (No 
sales follow-up.) 


THE BOOTH FELT COMPANY 


Brooklyn 15, N. Y. 
Chicago 5, IIL 


475 19th Street 
736 Sherman Street 


2320 


olh 


TRAORE Matr 


PRECISION CUT 
FELT PARTS 









of the metal. The paint is applied 
while the parts are cold. It dries in 
about 20 min. and can be subjected 
to extreme temperatures immediately 
after drying. 


Capacitors 


Aerovox Corp., New Bedford, Mass. 


To meet the elevated voltages encoun- 
tered in television receivers and cathode- 
ray oscillographs, the voltage ratings 
of several standard paper and oil-filled 
capacitors have been extended. Tubu- 
lar paper capacitors, Series 84, are 
now made in ratings up to 10,000 volts. 
The midget-can, Series 89, and the 
round can, Series 12 and 14, now have 
ratings from 3,500 to 7,500 volts. The 
Series 14 is available in the double- 
ended design or with pillar terminals 
at either end and with two adjustable 
ring mountings. 


Solenoid 


Practical Electric Co., 4505 Oakwood 

Blvd., Melvindale, Mich. 
The solenoid armature is designed with 
a self-contained, built in pusher which 
makes it adaptable for either push or 
pull work. Cleaning and maintaining 
this unit is a simple operation. Its 
component parts: base, T-shaped arma- 
ture, coil, coil locks and backstop, may 
be disassembled by removing the two 





screws that hold the backstop in place. 
Coils, identified by lead wire color, 
have voltage ratings of 440, 220 and 
110 volts. The coil spool is designed 
to fit the coil locks on only one end 
so the coil can not be replaced in an 
inverted position. (Coil current re- 
quired to maintain magnetic circuit is 
small; thus preventing a harmful tem- 
perature rise. 


Kilovoltmeters 
Shallcross Mfg. Co., Collingdale, Pa. 


Drawing little current from the cir- 
cuits in making high-voltage measure- 
ments, this instrument is used in tele- 
vision and similar electronic circuits. 
The No. 760-A has scales of 5, 10 and 
20 kv. with a sensitivity of 10,000 ohms 





Now ... 
Fibrous Silica 


Batt and Cloth 
(((r777777738]] 





originally wg for aircraft jet 
insulation now offers to other indus- 
tries the following unusual properties: 


WITHSTANDS 2000? F. 
indefinitely and up to 500* F. 
higher for short periods—fuses at 
approx. 3100? É 


CHEMICAL RESISTANCE 
—not affected by most commer- 
cial acids—does not combine 
with usual components of high 
temperature alloys even on long 
contact at 2000° F. 


EXTREMELY LIGHT WEIGHT: 
Surface density approx. .05 Ibs. 
per sq. ft. of approx. 3/16” thick- 
ness. Bulk density, approx. 4 Ibs. 
per cu. ft. 


FIBER DIAMETER: 
0.00023 inches, average. 


RESISTANCE TO VIBRATION: 
Not seriously affected by extreme 
high frequency, high amplitude 
vibration of aircraft jet motor tail 
pipes. 

THERMAL CONDUCTIVITY: 
(graph on request}—at low tem- 
peratures—approx. |/3 thermal 
conductivity of standard insu- 
lating materials. At 2000? F.—by 
far the lowest of all materials 
available. 


AVAILABLE FORMS: 

Bat! in rolls approx. !4' long by 
31/2’ wide by 3/16” thick. 
Cloth in rolls of random lengths 
approx. 32” wide by 0.015” 
thick. Tapes, sleevings, and 
cordage of various widths and 
lengths. Loose fibers in bulk. 
Also, insulating blankets fully pre- 
fabricated by us to specification, 
either permanent or removable. 


ENGINEERING COOPERATION 
APPLICATION WRITE 


FOR 
ON ANY 


THE H. |. THOMPSON CO. 
Section 1(.-5 1733 Cordova St. 
Los Angeles 7, Calif. 


Propucr ENGINEERING — May, 1947 


FUSION BOND 


PROCESS IMPROVES 


REEE entume 
Engineers who are familiar with the problem say that, given the 
right bearing metal, the most important thing about a bearing is 
the bond which can be achieved between the bearing shell and 
the babbitt or lining which must withstand the pressure and 
impact and wear of the turning shaft. Experience has shown that 
almost every time something goes wrong with a bearing, the 
EVANS babbitt has loosened inside the bearing shell. 
Such loosening removes the full support of the backing and pre- 


FUSION BOND vents the heat from escaping to the shell, consequently the bear- 
ing metal heats up and either cracks or squeezes out. The answer 

the Lasting Bond is obvious: Perfect the bond between the lining and the shell. 
Evans has achieved this result. Let Evans centrifugally cast and 
bond your bearing. 
Evans unique Fusion-Bonded method of preparing the shell and 
casting the babbitt insures a perfect, 100 per cent, metal-to-metal 
bond ... a life-time bond that never fails . . . a sure bond that 
permits lighter construction which means better cooling, better 
lubrication, less maintenance and lower costs. 
Should the possibility of improving your bearing design suggest 
itself, we invite you to avail yourself of the service of our engi- 
neering staff to discuss possibilities which will lead to increased 
bearing life. 


C EVANS ENGINEERING COMPANY 


1402 Arcadian Ave., Waukesha, Wis. 
Subsidiary of MAGNOLIA METAL COMPANY 
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(THE SOLDEFK.LESS, TAPELESS WIRE CONNECTORS) 


| 


@ See for yourself how easy and 
economical it is to make a better, 
stronger, neater, safer connection 
of any usual combination of wires 
with an Ideal ''Wire-Nut'*. . . No 
need to twist wire—no solder—no 
tape—no tools— just screw the 
"Wire-Nut'" on the stripped wires 
like a nut on a bolt. Cuts material 


uno 


costs—speeds production—im- 
proves quality and appearance of 
finished product...''Wire-Nuts'' ore 
avoilable now in sizes for wire 
two No. 18 
through three No. 10, solid or 


combinations from 
stranded. Listed by Underwriters’ 
Laboratories, Inc. Millions in use. 
Distributed through leading whole- 
salers. Mail coupon for Free Somples, 
Application Manual and cost data. 
x Trade Mark Reg. U.S. Pat. Off 


{DEAD 


IDEAL INDUSTRIES, Inc. 


Successor to Ideal Commutator Dresser Co 
1446 Park Avenue Sycamore, Illinois 


3SN4JZ4X3 





IDEAL INDUSTRIES, Inc. 
1446 Park Ave., Sycamore, Ill. 


Send FREE SAMPLES of “ Wire-Nuts” 
application and cost data. 


with 


Name 


Address 


i City 


Zone — Siate 


188 










per volt. At full scale reading the 
instrument only draws 100 microamp. 
Scale selection is made by connecting 
to the proper insulated binding post. 
A polarity reversing switch is supplied 
and provision is made for connecting an 
external meter where required. Meas- 
urement accuracy, with d.c., is 2 per- 
cent, while the accuracy is within 
s percent. The eight kilovoltmeters, 
having different ranges, are all portable. 


a.C. 


Heat Exchanger 


Eastern Industries Inc., New Haven 6, 


C onn. 
A heat transfer unit, designated as 
Model No. 1, for use in connection with 


television, radar, short wave communi- 


cations, high pressure mercury lamps, 
high frequency power tubes, X-ray 


tubes, induction heating units and mo- 
tion picture projectors, can be used with 
laboratory testing apparatus. The unit 


to 1,000 watts de- 


dissipate 


will up 





upon the operating tempera- 
It is equipped with a four- 


pending 
ture range. 
bank radiator, cooling fan, circulating 
flow switch, thermo 
The pump 


pump, reservoir, 
stat and necessary fittings. 
and fan are mounted on opposite ends 
The motor 


min., 


of the same motor shaft. 
is 1/40th h.p., 3,450 
110 volt induction type. The over- 
all size is 1954 x 514 x 1014 in. high and 


rev. per 


a.C. 


weighs about 40 pounds. 
- 


Indexing Table 


Kaukauna Machine Corp., Kaukauna, 
Wis. 


Designed and built to support heavy 


workpieces without deflection, the 
Model 700 Indexing Table, for use 
with Series 125 portable horizontal 


drilling and tapping machines, is now 
being adapted for use with many other 
types of machine tools. The main bed 
is of heavy well-ribbed cast iron con- 
struction, with T-slots provided in the 
top and at each end for clamping pur- 
Work can be held in either the 
horizontal or vertical plane. A 36 in. 
diameter indexing platen, also of ribbed 
cast iron, manually operated which can 
be locked in any position, is in the cen- 


poses. 





| 
| 


FABRICATED 


WIRE CLOTH 





Does your product utilize wire 
cloth screens, filters or strainers? 
Are you looking for a reliable 
vendor who will assume as one 
responsiblity both the weaving of 
the mesh and the accuracy of the 
finished part? Then Newark may 
be your answer. 


We will be glad to use our expe- 
rience in meeting the exacting 
requirements of the aviation indus- 
try in the design and manufacture 
of your part. Why not submit your 
next fabricated wire cloth problem 


to us for recommendations? 





COMPANY 
343 Verona Avenue * Newark 4, N. J. 
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D.L.&W., the Road oí Anthracite, 
has just placed in operation 500 
new hopper cars oí Mayari R steel 
built by Bethlehem Steel Co. These 
50-ton capacity hoppers of all- 
welded Mayari R construction em- 
body the latest engineering devel- 
opments. They are designed to give 
considerably longer service than 
coal cars built of ordinary steel. 
Mayari R sheets were used for 
the sides, ends, bottoms and all sec- 
tions that come in direct contact 
with the coal load. This steel was 


selected for its higher resistance to 


500 Held WOPPERS 


of welded Mayari 


RHYMES WITH 





All-welded Mayari R hopper car recently built for the Delaware, Lackawanna and Western 
Railroad. This road is now operating 500 of these new 50-ton capacity coal carriers. 


abrasion, battering and piercing 
and to atmospheric corrosion. 
Many other important railroads 
are specifying Mayari R steel for 
modern cars of various designs 
and constructions. Some are using 
it for its higher resistance to wear 
and corrosion while others are 
using it for its increased strength 
and weight-savings properties. 
Mayari R is not difficult to work. 
It can be formed, cut and welded 
in the average railroad shop with 
the same equipment that is used 


for ordinary carbon steel. 


R construction 












For more information on this 
low-alloy, high-strength, corrosion- 
resisting steel and its applications 
in the railroad field write for 
Mayari R Catalog 209. 


Bethlehem Steel Company 
Bethlehem, Pa. 


On the Pacific Coast Bethlehem products are sold by 


Bethlehem Pacific Coast Steel Corporation 





Mayari R nehs d stingn..longer balling 
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DOES ALL THREE! 


FOR YOU HAVING MACHINE PROB- 
LEMS: Full staff of competent Engineers 
and complete manufacturing facilities 
are available to you. We follow through 
for you from idea to finished product— 
Design— Engineer — Build! 

Special equipment problems are 
solved daily for leading plants. We now 
offer these same services ond believe we 
can help, 

Won't you submit to us your problems 
on Design and Engineering and let us 
help you? Write today and your letter 
will receive prompt attention. 





| sensitive 


| ter of the main bed, supported by a 
ball thrust bearing. 


72x36'4x29 in. 
high are the overall dimensions of the 


| table. 


Resistors 


Western Electric Co. Inc., 195 Broad- 
way, New York 7, N. Y, 


Known as Thermistors, these thermally 


which lies between that of conductors 
and insulators, and have a large coeffi- 
cient of resistance. The electrical re- 
sistance of these semi-conductors is con- 
trolled by either the circuit or the 
ambient temperature. Made in three 
types: disk, 10d and bead, they can be 
had grouped together in containers in 
various combinations. They are used 
in temperature measurement, control 
and compensation; time delay devices; 


resistors have a conductivity | 


NOW... Quality Die Castings 


eee On time! 


Two complete plants to serve you .. 
Both our new plant in Fall River, 
Massachusetts and our Los Angeles 
plant are fully equipped to handle 
engineering, die design and construc- 
tion, casting and machining of all 
types of zinc, aluminum, magnesium, 
and brass alloys. 

Get all the facts about the time-saving, 
cost-cutting advantages of Harvill 
Quality Die Castings. Call or write 
the plant nearest you. 


HARVILL 


Corporation 


Quality Die Castings Since 1928 


ENGINEERING COMPANY 


lith & Lehigh, Phila. 33, Pa. 


HARVILL. CORPORATION NHARVILL NEW ENGLAND CORP. 
625]! West Century Blvd. Jefferson & Lawton Streets 
tos Angeles 45, California Foll River, Massachusetts 


NYLON 


Machined and Molded 


flow meters, and in overload protective 
devices. 


| Relay 


C. P. Clare & Co., 4719 W. 
Ave., Chicago 30, IN. 
| A d.c. telephone-type relay reduces the 
possibility of contact failure by use of 
twin contacts. The long, flexible con- 
tact fingers of the bifurcated stationary 


Sunnyside 


for control of 


VIBRATION 


IMPACT 
NOISE 


An Engineering and consulting serv- 


ice specializing in the control of 
dynamic forces. 

Complete Laboratory facilities for 
measurement and simulation of 
vibration and impact conditions. 
Shop facilities for construction of 
models and experimental devices. 
Production facilities for the manufac- 
ture of standard and special vibra- 
tion and impact isolators. 


springs allow the palladium contacts to 


Unusual bearing strength, 
heat-resistance, toughness, 
chemical-resistance — these 
are some of the properties 
which commend nylon as a 
useful industrial plastic. 


In Product Engineering, 
December 1946, L. L. Stott, 
of The Polymer Corpora- 
tion, discussed moldability 
and machinability of this 
“super polymer.” 


A few reprints of this article 
are available at 10 cents 
each, while they last. Write 
to Reader Service Depart- 
ment. 


Write for catalogue or state your 


problem. act independently of each other. Dome- 


shaped contacts are used on the fixed 
springs; flat-disk contacts on the mov- 
able springs. The Type J relay is 2% 

long and weighs 2'4 oz. Together 
| the twin points have a rated current 
capacity of 4 amp. and draw 150 watts. 


PRODUCTI 
ENGINEERING 


330 West 42nd St., New York 18, N. Y. 





L.N. BARRY CO., INC. 


178 SIDNEY STREET 
CAMBRIDGE, MASS. 
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